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DPS distinct population segment

DWR California Department of Water Resources
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EIP Early Implementation Project

EPA Environmental Protection Agency

ESA Endangered Species Act
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ETL Engineering Technical Letter

FRFH Feather River Fish Hatchery
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HU Hydrologic Unit
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IWM Instream Woody Material
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Kelts Post-Spawning Steelhead

If Linear Feet

LSNFH Livingston Stone National Fish Hatchery
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MMP Mitigation and Monitoring Plan

MSA Magnuson-Stevens Fishery Conservation and Management Act
nDPS Northern Distinct Population Segment

NEPA National Environmental Policy Act

NMFS National Marine Fisheries Service

NOAA National Oceanic and Atmospheric Administration
NPDES National Pollutant Discharge Elimination System
NTUs Nephelometric Turbidity Units

Oo&M Operation and Maintenance

PAHs Polycyclic Aromatic Hydrocarbons

PCB Polychlorinated Biphenyl

PCE primary constituent elements

PL Public Law

PVA Population Viability Analysis

RBDD Red Bluff Diversion Dam

RD Reclamation District

Reclamation United States Department of the Interior, Bureau of Reclamation
RM River Mile

RWQB Regional Water Quality Control Board
SAM Standard Assessment Methodology
SDFPF Skinner Delta Fish Protection Facility
sDPS Southern Distinct Population Segment
SJRRP San Joaquin River Restoration Program
SPCCP Spill Prevention, Control, and Counter-Measure Plan
SRA Shaded Riverine Aquatic

SRBPP Sacramento River Bank Protection Project
SRFCP Sacramento River Flood Control Project
SWP State Water Project

SWPPP Storm Water Pollution Prevention Plan
SWRCB State Water Resources Control Board
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TRT Technical Review Team

USACE United State Army Corps of Engineers
USFWS United States Fish and Wildlife Service
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WRDA Water Resources Development Act
WRO Water Rights Order
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Note: Throughout this document there are references cited as CDFG. This refers to the
California Department of Fish and Game. This name was changed to California Department of
Fish and Wildlife on January 1, 2013. However, for consistency on publications, references prior
to January 1, 2013, will remain CDFG.



INTRODUCTION

The U.S. Army Corps of Engineers (Corps) proposes to implement flood risk management
improvements under the West Sacramento General Reevaluation Study (West Sacramento GRS).
The purpose of this Biological Opinion (BO) is to analyze the potential effects from the West
Sacramento GRS on listed threatened or endangered species and on designated critical habitat,
within the project’s area of effect (action area).

1.1 West Sacramento GRS Project Study Area

The West Sacramento Project study area refers to the area that will be protected by the proposed
levee improvements, including the city of West Sacramento itself and the lands within West
Sacramento Area Flood Control Agency (WSAFCA) boundaries, which encompass portions of
the Sacramento River, the Yolo Bypass, and the Sacramento Deep Water Ship Channel (DWSC).
The flood protection system associated with these waterways consists of over 50 miles of levees.
These levees surround West Sacramento, with the exception of intersecting waterways (the barge
canal and DWSC). The City of West Sacramento is located in eastern Yolo County at the
confluence of the American and Sacramento rivers. The city lies within the natural floodplain of
the Sacramento River, which bounds the city along the north and east. It is made up of a small
amount of high ground north of Highway 50 along the Sacramento River, and reclaimed land
protected from floods by levees and the Yolo Bypass system. The Yolo Bypass diverts flood
flows around the city to the west. In addition to the area within the city limits (in Yolo County),
the study area partially extends into Solano County on the extreme southwestern edge along the
DWSC. The West Sacramento Project study area and the problems identified for improvement
are shown on Figure 1.

The study area is within the bounds of the Legal Delta as defined by the State of California under
the Delta Protection Act (Section 12220 of the Water Code). The Legal Delta is further
subdivided into a primary zone and secondary zone for land use planning and resource protection
purposes. Most of West Sacramento is in the secondary zone, while the extreme northern part of
the city is outside of any of these Delta planning areas. The study reach along the DWSC west
levee is the only portion of the study area within the primary zone.

The DWSC and barge canal bisect the city into two subbasins, separating the developing
Southport area from the more established neighborhoods of Broderick and Bryte to the north
(City of West Sacramento 2000). The two subbasins are broken up into nine levee reaches based
on location and fixes. The North Basin, which encompasses 6,100 acres, contains:

1. Sacramento River north levee — 5.5 miles from the Sacramento Bypass south to the stone
lock structure on the DWSC.

2. Port north levee — 4.9 miles from the stone lock structure west to the Yolo Bypass levee.

3. Yolo Bypass levee — 3.7 miles from the Port north levee north to the Sacramento Bypass.
Sacramento Bypass Training levee — 0.5 miles west into the Yolo Bypass from the
Sacramento Bypass levee.



The South Basin, which encompasses 6,900 acres, contains:

2.

Sacramento River south levee — 5.9 miles south along the Sacramento River from the
DWSC stone lock structure to the South Cross levee (just north of the waste water
treatment plant).

South Cross levee — 1.2 miles across the South Basin from the Sacramento River to the
DWSC.

DWSC ecast levee — 2.8 miles from the South Cross levee north to the point where it
bends east.

. Port south levee — 4.0 miles east from the bend in the DWSC east levee to the stone lock

structure.
DWSC west levee — 21.4 miles from the intersection of the Port north levee and the Yolo
Bypass levee south to Miners Slough.

Figure 1. West Sacramento GRS Study Area (Corps 2014).



1.2 Background, Authority and Policy

The National Marine Fisheries Service (NMFS) prepared the BO and incidental take statement
(ITS) portions of this document in accordance with section 7(b) of the Endangered Species Act
(ESA) of 1973 (16 USC 1531 et seq.), and implementing regulations at 50 CFR part 402.

We also completed an essential fish habitat (EFH) consultation on the proposed action, in
accordance with section 305(b)(2) of the Magnuson-Stevens Fishery Conservation and
Management Act (MSA) (16 U.S.C. 1801 et seq.) and implementing regulations at 50 CFR 600.

We completed pre-dissemination review of this document using standards for utility, integrity,
and objectivity in compliance with applicable guidelines issued under the Data Quality Act
(section 515 of the Treasury and General Government Appropriations Act for Fiscal Year 2001,
Public Law 106-554). The document will be available through NMFS’ Public Consultation
Tracking System, https://pcts.nmfs.noaa.gov/pcts-web/homepage.pcts. A complete record of this
consultation is on file at the NMFS California Central Valley Office.

1.2.1 Background

According to the Corps BA, the current levee system does not adequately protect the city of
West Sacramento during a 100-year event. The history of the Sacramento River Flood Control
Project (SRFCP) dates back to the mid-1800s with the initial construction of levees along the
Sacramento, American, Feather, and Yuba rivers. This levee system has been characterized by a
history of levee failure, followed by improvement. This continued until the California
Legislature authorized a comprehensive plan for controlling the floodwaters of the Sacramento
River and its tributaries in the Flood Control Act of 1911. Federal participation in the SRFCP
began shortly after authorization in 1917 and continued for approximately 40 years.

Historically, from the mid-1800s onward, most hydraulic engineers at the Federal, State, and
local level thought that the most effective way to control flood flows in the river system was to
construct levees close to the main channel. The record floods of 1907 and 1909 forced a
reevaluation of this historic approach. It was clear from the size of these flood events in relation
to existing channel capacities that major bypass systems were needed to control excess flood
flows. These bypasses were designed to divert flood flows away from urban centers. Throughout
the SRFCP, the frequency that flow starts to divert from the Sacramento River to the bypass
system varies between a 3-year to 5-year flood event.

The series of storms that struck California in February of 1986 resulted in the flood of record for
many areas in northern and central California. As a result of the problems experienced during the
1986 flood, the Corps initiated a study of the levees comprising the SRFCP that were impacted
by the flood. Due to the large scale of the study, the review was split into five phases. The first
phase of this study included West Sacramento and was documented through an Initial Appraisal
Report titled, Sacramento Urban Area Levee Reconstruction Project, California dated May 1988.
This phase included the review of approximately 110 miles of levee and recommended the repair
of 34 miles.



The 1986 flood also exposed structural problems and identified the inability of the existing
levees to provide flood protection to the Sacramento metropolitan area. As a result, the Corps, in
cooperation with the State of California, initiated the study titled, Sacramento Metropolitan Area,
California, Feasibility Report. This report was published in February 1992 and indicated the
existing flood control system in the study area provided significantly less than a 100-year level
of protection. The study went on to recommend a program of improvements. The repairs
recommended by the Sacramento Metropolitan Area, California, Feasibility Report were
authorized in the Water Resources Development Act (WRDA) of 1992 (Public Law [PL] 102-
580).

The Corps was preparing construction plans and specifications for the levee repairs authorized in
the WRDA of 1992, when the 1997 New Year’s Day Flood occurred. It was one of the largest
experienced in northern California since the beginning of the measured record in 1906. In the
wake of the 1997 flood, the Corps identified underseepage as an area of greater concern in the
design and repair of levees. This resulted in a number of design revisions to the levee repairs
recommended in the West Sacramento Project Design Memorandum. These design revisions and
the associated increase to the total estimated project cost were captured in a supplemental
authorization through the Energy and Water Development Appropriation Act of 1999 (PL 105-
245).

There are two additional flood management Corps projects related to the West Sacramento GRS
that provide additional context; the American River Common Features Project, and the
Sacramento Bank Protection Project (SRBPP) Phase II 80,000 linear feet (If). Many of the
proposed elements associated with the American River Common Features and SRBPP are
anticipated to be similar in nature to proposed elements with the West Sacramento GRS. The
American River Common Features Project area will include the lower 8 miles of the American
River and the east bank of the Sacramento River from the confluence of the American River
downstream to the vicinity of Freeport, California. It will also include widening the Sacramento
bypass and weir. Potential impacts associated with vegetation removal and bank armoring
associated with the American River Common Features could further degrade this area of the
Sacramento River watershed. These potential impacts in combination with potential impacts
associated with the West Sacramento GRS could degrade the overall health of the lower
Sacramento River watershed.

The Corps has initiated consultation for the Sacramento Bank Protection Project Phase II project.
Sacramento Bank Protection Project Phase II will cover up to 80,000 If of bank protection as part
of the SRFCP. A number of the potential bank protection sites are located in the general vicinity
of the West Sacramento GRS. These projects have the potential to increase the bank armoring
and could exacerbate any impacts associated with the West Sacramento GRS.

1.2.2 Authority and Policy

According to the Corps’ BA, they have no discretion in regards to the continuing existence and
operation of the flood control structures of the SRFCP. The assert to have responsibility to
maintain Civil Works structures so that they continue to serve their congressionally authorized
purposes is inherent in the authority to construct them and is, according to the Corps, non-



discretionary. The Corps also asserts that only Congressional actions to de-authorize the
structures can alter or terminate this responsibility and thereby allow the maintenance of the
structures to cease.

The Corps BA also claims that it has a non-discretionary duty to maintain the SRFCP and the
fact the Corps perpetuates the projects existence is not an action subject to consultation. The
Federal government maintains oversight but has no ownership of or direct responsibilities for
performing maintenance of the Federal levee system, except for few select features that continue
to be owned and operated by the Corps. However, the Corps asserts they do have discretion in
regard to how and where maintenance actions are performed. The discretion lies within the
authorities of the SRBPP and section 408 of the Rivers and Harbors Act. The Corps is seeking
additional authorities that will include discretion over future flood risk reduction projects
associated with the West Sacramento GRS and the American River Common Features.

Considering these exceptions, the Corps maintains that the majority of levees, channels, and
related flood risk management structures are owned, operated, and maintained by the State of
California and local levee and reclamation districts as governed by Corps Operations and
Maintenance (O&M) manuals. The Corps points to the May 1955 Standard O&M manual for the
SRFCP as the primary O&M manual for the area. The levees of the West Sacramento and
Common Features Projects are part of the SRFCP and therefore covered in the 1955 O&M
manual.

The BA states that following completion of construction, the Corps will prepare a supplement to
the 1955 O&M manual which will specify maintenance requirements for these projects. Because
the Corps does have discretion in how and when levee maintenance activities are performed (as
opposed to the results of maintenance), maintenance is a discretionary activity that is part of the
proposed action subject to consultation.

Typical maintenance activities would include vegetation control through mowing, herbicide
application, and/or slope dragging; rodent control; patrol road maintenance; and erosion control
and repair. Vegetation control typically would be performed twice a year. Herbicide and bait
station application would be conducted under county permit by experts licensed by the state for
pest control. Erosion control and slope repair activities would include re-sloping and
compacting; fill and repair of damage from rodent burrows would be treated similarly.

To meet Federal Flood Control Regulations (33 CFR 208.10) and state requirements (California
Water Code Section 8370), the Federal Flood Risk Management facilities are inspected four
times annually, at intervals not exceeding 90 days. The California Department of Water
Resources (DWR) would inspect the system twice a year, and the local maintaining authorities
would inspect it twice a year and immediately following major high water events. The findings
of these inspections would be reported to the Central Valley Flood Protection Board’s (CVFPB)
Chief Engineer through DWR’s Flood Project Integrity and Inspection Branch.

Each federal agency has an obligation to insure that any discretionary action it authorizes, funds,
or carries out is not likely to jeopardize the continued existence of any endangered or threatened
species or destroy or adversely modify its critical habitat. Furthermore, under Section 2 of the



ESA, it is declared that all Federal agencies shall seek to conserve endangered species and
threatened species and shall utilize their authorities in furtherance of the purposes of the ESA. In
regards to species and critical habitat compensation, the Corps has the authority to compensate
prior to or concurrent with project construction impacts. This authority is given under WRDA
1986 (33 USC §§ 2201-2330).

The West Sacramento Project is being proposed in accordance with the principles that have been
outlined in the Corps” SMART Planning Guide (Corps 2013). SMART Planning requires that all
feasibility studies should be completed within a target of 18 months (to no more than three years
at the greatest), at a cost of no more than $3 million, utilizing 3 levels of vertical team
coordination, and of a "reasonable" report size. All designs associated with the West Sacramento
Project use the largest footprint to evaluate affects to listed species. The larger footprint will look
at the maximum extent the project could affect species in the action area.

The Corps proposes to construct the West Sacramento Project levee improvement measures to
comply with the Engineering Technical Letter (ETL) 1110-2-571 Guidelines for Landscape
Planting and Vegetation Management at Levees, Floodwalls, Embankment Dams, and
Appurtenant Structures. The vegetation requirements include a vegetation-free zone on the levee
slopes and crown, 15 feet from both landside and waterside levee toes, and 8 feet vertically.

The levees within the study area require seepage, slope stability, height, and erosion
improvements in order to meet Corps levee safety criteria. In order to protect existing vegetation
and allow for revegetation to occur, the Corps must apply for and issue itself with a vegetation
variance. The vegetation variance will be sought during the preconstruction engineering and
design phase to allow vegetation to remain on the lower 2/3 of the waterside slope and out 15
feet from the waterside toe. If the Corps grants itself a variance, the variance would allow for
vegetation to remain in these areas. No vegetation would be permitted on the landside slope or
within 15 feet of the landside toe. To show that the safety, structural integrity, and functionality
of the levee would be retained with a variance, an evaluation of underseepage and waterside
embankment slope stability was completed by Corps engineers.

The Corps’ preliminary analysis for the vegetation variance was conducted by analyzing two
index points. These two index points were chosen for the vegetation variance analyses because
they were considered to be representative of the most critical channel and levee geometry,
underseepage, slope stability conditions, and vegetation conditions of the respective basins. The
analysis incorporated tree fall and scour on the cross-section geometry of the index points by
using a maximum depth of scour for cottonwoods as approximately 11.0 feet; the associated soil
removed was projected at a 2:1 slope from the base of the scour toward both the landside, and
waterside slopes. The base scour width was equal to the maximum potential diameter at breast
height (dbh) of cottonwoods (12.0 feet) projected horizontally at a depth of 11.0 feet below the
existing ground profile. The results show that the tree fall and scour did not significantly affect
levee performance and that the levee would meet Corps seepage and slope stability criteria when
the seepage and slope stability improvement measures are in place (“with-project” conditions).
Therefore, it is a reasonable conclusion that allowing vegetation to remain on the lower
waterside levee slope would not affect the safety, structural integrity, and functionality of the
Sacramento River levee.



As a result of the geotechnical analysis, the Corps would request a vegetation variance of
themselves for the Sacramento River portion of future projects that come from the GRS. In many
cases along the Sacramento River levees, the levee is far enough back from the water’s edge to
allow vegetation providing shaded riverine aquatic cover to remain on the bank with no
vegetation variance necessary. However, in Sacramento River north reach, vegetation along the
bank will be thinned in order to place rock on the bank for erosion protection. No woody
vegetation would be permitted on the landside slope or within 15 feet of the landside toe for
purposes of providing access for levee inspections and flood repair response. Refer to Table 1 for
reach specific information regarding presence or absence of a vegetation variance.

Table 1: West Sacramento Project Vegetation Variance Assumptions.

Repair Reach Vegetation Variance No Vegetation Variance

Sacramento River North X
Port North
Yolo Bypass *
Sacramento Bypass Training
Levee
Sacramento River South X
South Cross
Deep Water Ship Channel
East *
Deep Water Ship Channel
West*
Port South

*Vegetation is sparse in these reaches. Individual tree removal will be analyzed.

lialls

o] I B e

Approximately 50 acres of primarily landside riparian vegetation will be removed, both to
provide for the construction footprint, and to comply with ETL. In addition, approximately 5,000
linear feet (If) of shoreline habitat will be removed from the Port north and south levees along
the Barge Canal due to ETL compliance.

The standard O&M activities will be adjusted to reflect any vegetation variance. Under the
adjusted O&M manual, large trees that were protected in place under the variance will be
allowed to remain on the waterside slopes, but smaller shrubs will be removed and grasses will
be regularly mowed to allow for inspection and access.

The initial study authority for the West Sacramento area was provided through Section 209 of
the Flood Control Act of 1962, PL 87-874. The West Sacramento Project was authorized in
WRDA 1992, PL 102-580 Sec. 101 (4), as amended by the Energy and Water Development of
1999, PL 105-245. It was reauthorized on October 28, 2009, with a total project cost of
$53,040,000 under WRDA 2010, PL 111-85.
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1.3 Consultation History

NMES received a request for initiation of consultation on June 10, 2014. However, the initial
request did not contain an appropriate effects determination. The Biological Assessment (BA)
was missing necessary information to perform a species impact analysis. After phone
conversations, emails, and inter-agency meetings, the Corps agreed to send out a revised
initiation letter along with an updated BA. The revised initiation letter was dated November 24,
2014. The revised BA was delivered on November 24, 2014 (Corps 2014) and determined that
the West Sacramento GRS will adversely affect threatened Central Valley (CV) spring-run
Chinook salmon evolutionarily significant unit (ESU) (Oncorhynchus tshawytscha), endangered
Sacramento River winter-run Chinook salmon ESU (O. tshawytscha), threatened California CV
(CCV) steelhead distinct population segment (DPS) (O. mykiss), and threatened Southern DPS
(sDPS) of North American green sturgeon (Acipenser medirostris), and their designated critical
habitats. Additionally, the Corps has determined that the West Sacramento Project may adversely
affect Essential Fish Habitat (EFH) pursuant to the Magnunson-Stevens Fishery Management
Act. The Corps also states that there is an expectation that the West Sacramento GRS
(particularly the Southport EIP project) may benefit long-term EFH quality in the action area.

For much of this process, coordination with the Corps occurred independently on the Southport
EIP and the portions of the West Sacramento GRS that occur outside the Southport EIP. On
April 21, 2014, an interagency meeting was held to discuss the BAs for both actions. In part, as a
result of that meeting, the Corps decided to combine the two BAs because the two projects were
determined to be too related to be considered in two separate consultations. The Corps and
WSAFCA, consulted with NMFS regarding proposed actions that may affect Federally listed
species and their habitat.

1. 2008 through 2010—NMFS staff participated in site visits and meetings associated with
WSAFCA’s overall levee improvements program, leading to completed consultations for
The Rivers, and California Highway Patrol Academy projects.

2. May 26, 2011—NMEFS staff participated in the kick-off of an environmental stakeholder
group for the Southport EIP.

3. August 15, 201 I—NMEFS staff participated in an informal meeting of the Southport EIP
environmental stakeholder group and attended a field visit led by WSAFCA.

4. November 14, 2011—NMEFS staff participated in an environmental stakeholder group
meeting on project alternatives development.

5. March 28, 2013—NMEFS staff participated in National Environmental Policy
Act/California Environmental Quality Act (NEPA/CEQA) scoping meeting.

6. June 4, 2013—Corps requested initiation of consultation with NMFS on the Southport
EIP.

7. August 27, 2013 — NMFS staff met with WSAFCA and Corps staff to discuss project
design and BA comments.

8. September 30, 2013 — NMFS staff correspondence requested additional information from
the Corps to support consultation.

9. December 11 and 18, 2013— NMFS staff participated in public meetings on the
Southport EIP Draft Environmental Impact Statement/Environmental Impact Report
(EIS/EIR).
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10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

December 18, 2013 — NMFS staff participated in an environmental stakeholder group
meeting on project design development.

June 10, 2014 — NMFS received an initiation letter from the Corps for the West
Sacramento Project, General Reevaluation Report.

September 9, 2014 — NMFS delivered an insufficiency letter to the Corps requesting a
revised BA and initiation letter.

October and November 2014 — The Corps and NMFS had a number of meetings, phone
calls, emails, and related correspondence with the purpose of producing a revised BA and
updated initiation letter.

November 24, 2014 — NMFS received a revised initiation letter and BA for the West
Sacramento, General Reevaluation Study.

On March 5, 2015, the Corps requested NMFS to issue separate BOs for the Southport
EIP and the West Sacramento GRS to facilitate the construction schedule of the
Southport EIP which is planned to start construction in summer of 2015.

On March 19, NMFS met with the Corps, and WSAFCA staff to discuss coordination of
these projects as two separate consultations. WSAFCA and the Corps clarified that
although they requested separate BOs for each action, the projects are only related in that
the reclaimed floodplain area of the Southport EIP may be used to offset some of the
unavoidable adverse effects of future West Sacramento GRS-related actions.

On March 19, 2015, NMEFS initiated formal consultation on the West Sacramento GRS.
On July 1, 2015, NMFS transmitted a draft BO to the Corps for review pursuant to the draft
interagency SMART planning guidelines. The draft BO concluded that the proposed action
is not likely to jeopardize the continued existence of Sacramento River winter-run Chinook
salmon, CV spring-run Chinook salmon, and CCV steelhead or destroy adversely modify
their designated critical habitat and that the proposed action is likely to jeopardize the
continued existence of sDPS green sturgeon and it will destroy or adversely modify their
designated critical habitat. The conclusion regarding green sturgeon.

NMEFS and the Corps met on July 14 and 15, 2015, and again on August 11, 2015 to
discuss Corps comments on the draft BO. The meeting discussions focused on the draft
Reasonable and Prudent Alternative, Reasonable and Prudent Measures and Terms and
Conditions. During the final meeting the NMFS and the Corps discussed options for
integrated the RPA actions into the proposed action.

On August 27, the Corps transmitted a letter the NMFS adopting the green sturgeon
conservation measures that were previously referred to as the Reasonable and Prudent
Alternative in the draft jeopardy BO as part of the proposed action.

1.4 Proposed Action

“Action” means all activities or programs of any kind authorized, funded, or carried out, in
whole or in part, by Federal agencies (50 CFR 402.02).

The Corps has identified a number of problems associated with the flood risk management
system protecting the city of West Sacramento and surrounding areas. There is a high probability
that flows in the American and Sacramento rivers will stress the network of levees protecting
West Sacramento to the point that levees could fail. Such a levee failure would flood a highly
urbanized area.
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Levees in the West Sacramento GRS action area require improvements to address seepage, slope
stability, overtopping, and erosion concerns. The measures proposed to improve the levees
consist of: (1) seepage cutoff walls, (2) seepage berms, (3) stability berms, (4) levee raises, (5)
flood walls, (6) relief wells, (7) sheet pile walls, (8) jet grouting, and (9) bank protection. The
above measures will be implemented by fixing levees in place, constructing adjacent levees, or
constructing a setback levee. It is possible that sheet pile walls, jet grouting, and relief wells will
be used at various locations so they are also described below. Once a levee is modified,
regardless of the measure implemented for the alternative, the levee will be brought into
compliance with Corps levee design criteria. This will include slope flattening and/or crown
widening, where required. The levee crown will be widened to 20 feet, and 3:1 landside and
waterside slopes will be established where possible. If necessary, the existing levee centerline
will be shifted landward in order to meet the Corps’ standard levee footprint requirements.

For more details on the potential levee repairs listed above and in Table 1, refer to the West
Sacramento, California General Reevaluation Study and Section 408 Permission, specifically
Chapter 2 (Corps 2014).

In addition to the proposed levee improvements measures, the following measures and policies
will apply to all of the levee repair alternatives, and will be addressed during construction:

1. The Corps’ standard levee footprint will be established during construction of structural
improvements on all levees that are out of compliance. The standard levee footprint
consists of a 20 foot crown width and 3:1 waterside and landside slopes. If the 3:1
landside slope is not possible based on site specific conditions then a minimum 2:1
landside slope will be established with supporting engineering analysis.

2. A 20 foot landside and waterside maintenance access will be established. In areas where
20 feet cannot be obtained, 10 feet will be allowable.

3. Utility encroachments such as structures, certain vegetation, power poles, pump stations,
and levee penetrations (e.g., pipes, conduits, cables) will be brought into compliance with
applicable Corps policy or removed depending on type and location. This measure will
include the demolition of such features and relocation or reconstruction as appropriate on
a case-by-case basis (or retrofit to comply with standards). Utilities replacements will
occur via one of two methods: (1) a surface line over the levee prism, or (2) a through-
levee line equipped with positive closure devices.

4. Private encroachments shall be removed by the non-federal sponsor prior or property
owner prior to construction.

The O&M of the levees in the West Sacramento area are the responsibility of the local
maintaining agencies, including Reclamation District (RD) 900, RD 537, DWR’s Maintenance
Area 4, and the Corps. The applicable O&M Manual for the West Sacramento levees is the
Standard O&M Manual for the Sacramento River Flood Control Project. Typical levee O&M in
the West Sacramento area includes the following actions:

1. Vegetation maintenance up to four times a year by mowing or applying herbicide.

2. Control of burrowing rodent activity monthly by baiting with pesticide.
3. Slope repair, site-specific and as needed, by re-sloping and compacting.
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4. Patrol road reconditioning up to once a year by placing, spreading, grading, and
compacting aggregate base or substrate.

5. Visual inspection at least monthly, by driving on the patrol road on the crown and
maintenance roads at the base of the levee.

For levee repair sites with a vegetation variance, the O&M manual will be adjusted to reflect the
variance. Under the adjusted O&M manual, large trees that were protected in place under the
variance will be allowed to remain on the waterside slopes, but smaller shrubs will be removed
and grasses will be regularly mowed to allow for inspection and access.

Flood risk reduction construction activities will primarily occur during the April 15 to October
31 time frame, although extension of the CVFPB encroachment permit may be sought if weather
conditions permit. However, construction activities, including, but not limited to, structure and
vegetation removal, roadway removal and replacement, revegetation, and utility removal and
replacement, regardless of the construction season will be subject to the conditions of
environmental and encroachment permits and authorizations to be issued by the California
Department of Fish and Wildlife (CDFW), CV Regional Water Quality Control Board
(RWQCB), CVFPB, the Corps, US Fish and Wildlife Service (USFWS), NMFS, Yolo County,
City of West Sacramento, and others.

Construction of the West Sacramento Project is proposed to take approximately 19 years if each
reach is constructed sequentially. The construction reaches have been prioritized based on a
variety of factors, including the condition of the levee, the potential damages that will occur due
to levee failure, and construction feasibility considerations, such as the availability of equipment
at any given time. A summary of the flood risk reduction measures proposed as part of this study
are included in Table 2.
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Table 2. Proposed Measures for the West Sacramento Project

‘ Extent of Action ‘ Proposed Measure
North Basin
Sacramento River North 5.5 miles from the * Construct bank protection
Levee * Sacramento Bypass south to * Install cutoff walls
the stone lock structure on the |  Construct levee raise
DWSC.
West Sacramento Port North | 4.9 miles from the stone lock | * Construct floodwalls
Levee ** structure west to the Yolo
Bypass levee.
Yolo Bypass ** 3.7 miles from the Port North | « Install cutoff walls
levee north to the Sacramento
Bypass.
Sacramento Bypass Training | 1.1 miles from the Yolo * Construct bank protection
Levee ** Bypass levee to the
Sacramento River.
Sacramento River South 5.9 miles south along the * Construct bank protection
Levee * Sacramento River from the * Install cutoff walls
DWSC stone lock structure to | * Construct levee raise
the South Cross levee. * Construct seepage berm
* Construct setback levee
South Cross Levee ** 1.2 miles across the South * Install cutoff walls
Basin from the Sacramento * Construct seepage berms
River to the DWSC. * Levee Raise
Deep Water Ship Channel 2.8 miles from the South * Construct floodwalls
East Levee ** Cross levee north to the point | « Levee raise
where it bends east. * Construct bank protection
West Sacramento Port South | 4.0 miles east from the bend * Install cutoff walls
Levee ** in the DWSC east levee to the | * Construct levee raise
stone lock structure.
Deep Water Ship Channel 21.4 miles from the * Install cutoff walls
West Levee ** intersection of the Port North | « Construct seepage berms
levee and the Yolo Bypass * Levee raise
levee south to Miners Slough. | ¢ Construct bank protection
* Construct closure structure
South Cross Levee ** 1.2 miles across the South * Install cutoff walls
Basin from the Sacramento * Construct seepage berms
River to the DWSC. * Levee Raise
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* Will establish compliance with Corps vegetation requirements for upper 2/3 slopes of the
levee, with a variance allowing the lower 1/3™ waterside vegetation to stay.
** Will establish compliance with Corps vegetation requirements. ETL 1110-2-571

The tentative schedule of construction is shown in Table 3. The durations are for construction
activities only, and do not include the time needed for design, right-of-way, utility relocation,
etc.

Analysis of total linear feet (If) of shaded riverine aquatic (SRA) habitat in the West Sacramento
Project area was conducted (Table 4). The Sacramento Bypass Training levee, Yolo Bypass, and
South Cross levee reaches were not evaluated because there is minimal, if any, SRA associated
with these reaches. There also could be the potential for habitat removal in the Sacramento
Bypass during the widening process but will wait for analysis and future ESA consultation once
future designs are presented.

Table 3. West Sacramento Project Construction Sequence and Duration

Constructing Sequence Constructing Duration
River South Levee 4 years
Sacramento Bypass Training Levee 1 years
Sacramento River North Levee 2 years
Yolo Bypass 1 years
DWSC West 3 years
Port South 1 years
DWSC East 3 years
South Cross 2 years
Port North 2 years

Table 4. SRA Reach Specific Summary

Project Reach Linear Feet
Port North Levee 2,468

Port South Levee 2,602
Sacramento River North Levee 27,241
Sacramento River South Levee 16,047
Total SRA 48,358

The Corps will need to remove some SRA habitat in order to place rock along the river bank, but
more than half of the existing SRA habitat along the 11 miles of Sacramento River levees will
remain in place. A variance will also be sought for these levee reaches, allowing 34 acres of
riparian habitat on the lower one-third of the slope to 15 feet waterward of the waterside levee
toe to remain in place.
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1.11 Conservation Actions

The Corps will seek to avoid and minimize construction effects on listed species and their critical
habitat to the extent feasible, and will implement on-site, and off-site compensation actions as
necessary. Compensation time is the time required for on-site plantings to provide significant
amounts of shade or structural complexity. Depending on project impacts, a project may
incorporate various habitat and species benefits to compensate for short-term losses in habitat for
listed species. Long-term compensation to offset short-term losses is generally not an option for
the loss of critical habitats under the ESA (USFWS 1998a). The Corps uses the following
compensation time periods (based loosely on life expectancy) as guidelines for compensation:

Green sturgeon, 15 years;
Chinook salmon, 5 years; and
Central Valley steelhead, 4 years (Corps 2012).

1. Implement best management practices (BMPs) to prevent slurry seeping out to river and
require piping system on land side only.

2. The Corps will incorporate compensation for SRA habitat losses either by project
constructed compensation sites or in combination with purchase of credits at a NMFS
approved conservation bank where appropriate.

3. The Corps will seek an ETL-approved vegetation variance exempting the Sacramento
River sites from vegetation removal in the lower one-third of the waterside of the levee
prior to final construction and design phase. Construction may require removal of
vegetation on the upper two-thirds of the waterside and landside slope. Full ETL
compliance will occur on the Sacramento and Yolo bypasses, Yolo Bypass Toe Drain,
South Cross levee, and the DWSC, Barge Canal, and Port of West Sacramento levee
reaches.

4. The Corps will use a rock soil mixture to facilitate re-vegetation of the project sites that
require bank protection work. A (70:30) rock to soil ratio will be implemented. The soil-
rock mixture will be placed on top of the of the rock revetment along the Sacramento
River levees to allow native riparian vegetation to be planted to insure that SRA habitat
lost is replaced or enhanced.

5. In addition to an approved vegetation variance, the Corps will minimize the removal of
existing vegetation in the proposed project area. Disturbance or removal of trees or larger
woody vegetation will be replaced with native riparian species, outside of the vegetation-
free zone, as established in the ETL.

6. Levee repair designs will be analogous to those developed for an SRBPP repair site.
These levee repair designs include installation of IWM, native vegetation planting,
incorporation of soil with the rock, etc.

7. Construction will be scheduled when listed terrestrial and aquatic species will be least
likely to occur in the project area. If construction needs to extend into the timeframe that
species are present coordination with the resource agencies will occur.

8. Stockpile construction materials such as portable equipment, vehicles, and supplies, at
designated construction staging areas and barges, exclusive of any riparian and wetlands
areas.
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10.

1.
12.

13.

14.

15.

16.

17.

Stockpile all liquid chemicals and supplies at a designated impermeable membrane fuel
and refueling station with a containment system.

Erosion control measures including Storm Water Pollution Prevention Program (SWPPP)
and Water Pollution Control Program that minimize soil or sediment from entering the
river. BMPs shall be installed, monitored for effectiveness, and maintained throughout
construction operations to minimize effects to federally listed fish and their designated
critical habitat.

Site access will be limited to the smallest area possible in order to minimize disturbance.
Litter, debris, unused materials, equipment, and supplies will be removed from the
project area daily. Such materials or waste will be deposited at an appropriate disposal or
storage site.

Immediately (within 24 hours) cleanup and report any spills of hazardous materials to the
resource agencies. Any such spills, and the success of the efforts to clean them up, shall
also be reported in post-construction compliance reports.

Designating a Corps-appointed representative as the point-of-contact for any contractor
who might incidentally take a living, or find a dead, injured, or entrapped threatened or
endangered species. This representative shall be identified to the employees and
contractors during an all employee education program conducted by the Corps.
Vegetation removed as a part of ETL compliance will be compensated on site, outside of
the vegetation-free zone, to the extent feasible. When on-site compensation is not
feasible, compensation is proposed at local conservation banks with available credits. If
credits are not available locally, then compensation is proposed to occur within the West
Sacramento city limits.

The Corps will compensate for any short and longer term impacts through additional
onsite compensation, purchase of compensatory conservation credits, or development of
suitable created aquatic habitat.

Screen any water pump intakes.

A number of measures will be applied to the entire West Sacramento Project or specific actions,
and other measures may be appropriate at specific locations within the West Sacramento Project
study area. Avoidance activities to be implemented during final design and construction may
include, but are not limited to, the following:

1.

Identifying all habitats utilized by listed terrestrial, wetland, and plant species in the
potentially affected project areas. To the extent practicable efforts will be made to
minimize effects by modifying engineering design to avoid potential direct and indirect
effects.

Incorporating sensitive habitat information into project bid specifications.
Incorporating requirements for contractors to avoid identified sensitive habitats into
project bid specifications.

Minimizing vegetation removal to the extent feasible.

Minimizing, to the extent possible, grubbing and contouring activities.
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1.12 Additional Conservation Measures for sDPS Green Sturgeon

In response to the draft BO and through collaboration with NMFS, the Corps has updated the
project description in the Environmental Impact Statement/Environmental Impact Report
(EIS/EIR) and will implement the following additional measures that have been coordinated with
NMES to reduce impacts to green sturgeon habitat.

1.

The Corp’s final EIS/EIR for the West Sacramento Project shall include a proposal to
develop a green sturgeon habitat, mitigation, and monitoring plan (HMMP) with the
specific elements that are described below.

The goal of developing the HMMP is to ensure that adverse impacts of future West
Sacramento projects on sDPS green sturgeon are sufficiently mitigated in order to allow
for the growth, survival, and recovery of the species in the study area.

The green sturgeon HMMP shall be developed in coordination with the Interagency
Ecological Program (IEP) green sturgeon project work team and consulted on with
NMES prior to the construction of any work within the designated critical habitat of
sDPS green sturgeon related to the West Sacramento Project. The HMMP should focus
on filling important data gaps on green sturgeon life history and micro and macro habitat
ecology in both the Sacramento River and the north Delta within the project impact area,
in regard to how bank stabilization measures proposed in the West Sacramento Project
affect sturgeon ecology and survival.

The goal of this conservation measure is to leverage the resources of the IEP to help
develop an HMMP that utilizes and applies the best available scientific expertise and
information available.

The Corps shall either refine the Standard Assessment Methodology (SAM) or develop
an alternative green sturgeon survival and growth response model based on using and
updating the existing Hydrologic Engineering Center Ecosystem Function Model that
reflects green sturgeon’s preference for benthic habitat and that accounts for the physical
loss of habitat from revetment footprints instead of the convention used by the SAM
where the fish response is evaluated at the intersect of seasonal water surface elevations.
The new modeling may include hydraulic modeling, but must be capable of evaluating
green sturgeon survival in response to levee repair projects in the project impact area and
the effects on all habitat conditions, not exclusively flow changes. Development of the
model shall be initiated at the start of the preconstruction engineering and design (PED)
phase of the West Sacramento Project and shall be peer reviewed by sturgeon experts on
the IEP, other academia with sturgeon expertise, and be consulted on with NMFS.

The goal of this measure is to develop a functional assessment methodology using the best
available scientific expertise and information available to model the effects of future West
Sacramento Project actions and evaluate the performance of mitigation actions relative to
the survival and growth of sDPS green sturgeon that are exposed to such actions.
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4. The HMMP shall also restore or compensate for the number of acres and ecological
function of soft bottom benthic substrate for sDPS green sturgeon permanently lost to
project construction. This mitigation shall be coordinated with the Interagency Working
Group or a Bank Protection Working Group and must be carried out within the lower
Sacramento River/North Delta in order to offset the adverse modification to designated
critical habitat. The restored habitat must be capable of providing abundant benthic prey,
freshwater or estuarine areas with adequate water quality, temperature, salinity, oxygen
content, and other chemical characteristics, necessary for normal behavior, growth and
viability of all life stages. It should also provide safe and unobstructed migratory
pathways necessary for timely passage of adult, sub-adult, and juvenile fish within the
region’s different estuarine habitats and between the upstream riverine habitat and the
marine habitats. The restoration/mitigation shall be initiated prior to commencement of
construction within the designated critical habitat of SDPS green sturgeon for the West
Sacramento Project and the updated model should be used to validate performance. The
restoration site and plan shall be developed in coordination with the IEP and be consulted
on with NMFS.

The goal is to ensure the spatial and temporal ecological impacts from project-related
permanent loss of critical habitat for green sturgeon and critical for juvenile green sturgeon
migration are fully compensated.

5. The green sturgeon HMMP shall also be developed with measurable objectives for
completely offsetting all adverse impacts to all life stages of sSDPS green sturgeon (as
modeled using refined approaches described in Measure C, above, and considering
design refinements that occur in the PED phase of project implementation).

The goal of this measure is to develop “SMART” objectives for mitigation. “SMART”
objectives are specific (target a specific area for improvement), measurable (quantify or
suggest an indicator of progress), attainable (specify who will do the work and if possible
how), realistic (state what results can realistically be achieved, given available resources)
and timely (specify when the results can be achieved) habitat performance objectives for
green sturgeon mitigation.

6. Mitigation actions shall be initiated prior to the construction activities affecting sDPS
green sturgeon and their critical habitat. Specific mitigation plans may be developed
during project design engineering to reduce the specific impacts of levee construction
actions.

The goal of this measure is to ensure that mitigation coincides with project implementation
and minimizes, to the maximum extent possible, extended temporal effects.

7. The sDPS green sturgeon HMMP will include measurable performance standards at
agreed upon intervals and will be monitored for a period of at least ten years following
construction. If additional monitoring is necessary, the monitoring shall be included in
the project operations and maintenance plan and carried out by the local sponsor. The
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HMMP will include adaptive management strategies for correcting any mitigation
measures that do not meet performance standards.

The goal of this measure it to provide a reasonable amount of time to measure performance
standards after mitigation occurs to ensure that it meets the objectives of the HMMP.

1.13 Interrelated and Interdependent Actions

“Interrelated actions” are those that are part of a larger action and depend on the larger action for
their justification. “Interdependent actions” are those that have no independent utility apart from
the action under consideration (50 CFR 402.02). In this case, there are no interrelated or
interdependent actions.

Although the West Sacramento GRS is associated with the Southport EIP in that some of the
riparian habitat impacts of West Sacramento will be mitigated at the Southport location, they are
not interrelated or interdependent because neither project depends on the other for their
justification and they both have independent utility.

The specific association of the two projects is that the Southport EIP will include the
development of a NMFS-approved MMP that will include an accounting plan to quantify the
extent of Southport offsets and the potential for future offsets available for the West Sacramento
GRS. The MMP will provide the accounting plan that will link the amount of offset area
available at the Southport EIP with West Sacramento impacts.

1.14 Action Area

“Action area” means all areas to be affected directly or indirectly by the Federal action and not
merely the immediate area involved in the action (50 CFR 402.02).

The action area for the West Sacramento GRS includes the Sacramento River from the
Sacramento Bypass down to the South Cross levee, the Sacramento DWSC and Port of West
Sacramento, and the Sacramento and Yolo bypasses.

The action area includes perennial waters of the Sacramento River extending 200 feet
perpendicular from the average summer-fall shoreline and 1,000 feet downstream from proposed
in-water construction areas. This represents the potential area of turbidity and sedimentation
effects based on the reported limits of visible turbidity plumes in the Sacramento River during
similar construction activities (NMFS 2008).

ENDANGERED SPECIES ACT:
BIOLOGICAL OPINION AND INCIDENTAL TAKE STATEMENT

The ESA establishes a national program for conserving threatened and endangered species of
fish, wildlife, plants, and the habitat upon which they depend. As required by section 7(a)(2) of
the ESA, Federal agencies must ensure that their actions are not likely to jeopardize the
continued existence of endangered or threatened species, or adversely modify or destroy their
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designated critical habitat. Per the requirements of the ESA, Federal action agencies consult with
NMEFS and section 7(b)(3) requires that, at the conclusion of consultation, NMFS provides an
opinion stating how the agency’s actions will affect listed species and their critical habitat. If
incidental take is expected, section 7(b)(4) requires NMFS to provide an ITS that specifies the
impact of any incidental taking and includes non-discretionary reasonable and prudent measures
and terms and conditions to minimize such impacts.

2.1 Analytical Approach

This BO includes both a jeopardy analysis and an adverse modification analysis. The jeopardy
analysis relies upon the regulatory definition of “to jeopardize the continued existence of a listed
species,” which is “to engage in an action that will be expected, directly or indirectly, to reduce
appreciably the likelihood of both the survival and recovery of a listed species in the wild by
reducing the reproduction, numbers, or distribution of that species” (50 CFR 402.02). Therefore,
the jeopardy analysis considers both survival and recovery of the species.

The adverse modification analysis considers the impacts of the Federal action on the
conservation value of designated critical habitat. This BO does not rely on the regulatory
definition of "destruction or adverse modification" of critical habitat at 50 CFR 402.02. Instead,
we have relied upon the statutory provisions of the ESA to complete the following analysis with
respect to critical habitat. !

We use the following approach to determine whether a proposed action is likely to jeopardize
listed species or destroy or adversely modify critical habitat:

1. Identify the rangewide status of the species and critical habitat likely to be adversely
affected by the proposed action.

2. Describe the environmental baseline in the action area.

3. Analyze the effects of the proposed action on both species and their habitat using an
“exposure-response-risk” approach.

4. Describe any cumulative effects in the action area.

5. Integrate and synthesize the above factors to assess the risk that the proposed action poses
to species and critical habitat.

6. Reach jeopardy and adverse modification conclusions.

7. If necessary, define a reasonable and prudent alternative to the proposed action.

2.1.1 Use of Analytical Surrogates

The effects of the West Sacramento GRS are primarily analyzed using Standard Assessment
Methodology (SAM). The Corps provided the background data, assumptions, analyses, and
assessment of habitat compensation requirements for the federally protected fish species relevant
to this consultation.

' Memorandum from William T. Hogarth to Regional Administrators, Office of Protected Resources, NMFS
(Application of the “Destruction or Adverse Modification” Standard Under Section 7(a)(2) of the Endangered Species
Act) (November 7, 2005).
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The SAM was designed to address a number of limitations associated with previous habitat
assessment approaches and provide a tool to systematically evaluate the impacts and
compensation requirements of bank protection projects based on the needs of listed fish species.

It is a computational modeling and tracking tool that evaluates bank protection alternatives by
taking into account several key factors affecting threatened and endangered fish species. By
identifying and then quantifying the response of focal species to changing habitat conditions over
time, project managers, biologists and design engineers can make changes to project design to
avoid, minimize, or compensate for impacts to habitat parameters that influence the growth and
survival of target fish species by life stage and season. The model is used to assess species
responses as a result of changes to habitat conditions, either by direct quantification of bank
stabilization design parameters (e.g., bank slope, substrate).

In 2003, the Corps established a program to carry out “a process to review, improve, and validate
analytical tools and models for USACE Civil Works business programs”. Reviews are conducted
to ensure that planning models used by the Corps are technically and theoretically sound,
computationally accurate, and in compliance with the Corps planning policy. As such, all
existing and new planning models developed by the Corps are required to be certified through
the appropriate Planning Center of Expertise and Headquarters in accordance with Corps rules
and procedures.

The assumptions, model variables, and modeling approaches used in the SAM have been
developed to be adapted and validated through knowledge gained from monitoring and
experimentation within the SRBPP while retaining the original overall assessment method and
framework. The first update to the SAM included the addition of sDPS green sturgeon as well as
a number of modifications to modeled-species responses based upon updated literature reviews
and recent monitoring efforts at completed bank protection sites (Stillwater Sciences 2009,
USACE 2009).

In late 2010, the certification process for the SAM was initiated by the Corps, Sacramento
District in coordination with the Ecosystem Planning Center of Expertise. The process entailed
charging a panel of six experts to review the SAM, along with the SAM (version 3.0). The
Review Panel was composed of a plan formulation expert, fisheries biologist, aquatic ecologist,
geomorphologist/geologist, population biologist/modeling expert, and software programmer.

A major advantage of the SAM is that it integrates species life history and seasonal flow-related
variability in habitat quality and availability to generate species responses to project actions over
time. The SAM systematically evaluates the response of each life stage to habitat features
affected by bank protection projects.

The SAM quantifies habitat values in terms of a weighted species response index (WRI) that is
calculated by combining habitat quality (i.e., fish response indices) with quantity (i.e., bank length
or wetted area) for each season, target year, and relevant species/life stage. The fish response
indices are derived from hypothesized relationships between key habitat attributes (described
below) and the species and life stage responses. Species response indices vary from 0 to 1, with 0
representing unsuitable conditions and 1 representing optimal conditions for survival, growth,
and/or reproduction. For a given site and scenario (i.e., with or without project), the SAM uses
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these relationships to determine the response of individual species and life stages to the measured
or predicted values of each habitat attribute for each season and target year, and then multiplies
these values together to generate an overall species response index. This index is then multiplied
by the linear feet or area of shoreline to which it applies to generate a weighted species response
index expressed in feet or square feet. The species WRI provides a common metric that can be
used to quantify habitat values over time, compare project conditions to existing conditions, and
evaluate the effectiveness of on-site and off-site compensation actions.

The WRI represent an index of a species growth and survival based on a 30-day exposure to post
project conditions over the life of the project. As such, negative SAM values can be used as a
surrogate to quantify harm to a target fish species by life stage and season. Also, although SAM
values represent and index of harm to a species, since the values are expressed as “weighted
bankline feet” or “weighted area”, these values can be used to help quantify compensatory
conservation actions such as habitat restoration, and are used for that purpose in this BO.

During the process of this consultation, the Corps and NMFS identified several short comings
with the SAM as a tool for reliably forecasting the growth and survival of green sturgeon. The
primary short coming is that the SAM evaluates habitat conditions at the seasonal water surface
intersect with the river bank. While this is considered an effective point for measuring salmon
and steelhead habitat, green sturgeon have a greater affinity for benthic habitat than shoreline
habitat. Further, during discussions between the Corps and NMFS, it was widely agreed upon
that levee repair actions in the West Sacramento Study Area are likely to only affect the juvenile
rearing life stage and probably have little to no adverse impacts on the adult life stages of green
sturgeon because spawning habitat is not present and adults that are migrating upstream are
probably more influenced by impacts that affect swimming speed and upstream passage than
shoreline habitat manipulations. Because of this, NMFS has decided to use the SAM as a proxy
for quantifying habitat disturbance and harm and use as an ecological surrogate for quantifying
the amount and extent of take for juvenile rearing and migrating green sturgeon, but the precision
is not as sharp as for salmon and steelhead. Therefore, a new model will be developed to
determine compensatory mitigation actions and tracking performance.

2.1.2 Compensation Timing

As described in the proposed action, projects such as this often propose compensation for
unavoidable short-term effects to species and impacts to habitat. These compensation
timeframes are generally based on anticipated SAM response time. Under the Corps BA,
compensation timing is defined and in practice adopts an approach that the SAM modeled impact
at the proposed timing (Green sturgeon: 15 years: Chinook salmon, 5 years: Central Valley
steelhead, 4 years) is sufficient to compensate for project effects. NMFS adopts a slightly
different approach to the analysis of the BO in that the compensation time should be a target for
avoiding exposure of more than one generation of a population with a multiple age class
structure. Negative SAM-modeled values beyond those years, especially at winter and spring
water surface elevations, may have significant effects to the species and impacts to critical
habitat that would reduce the species survival and recovery in the wild or substantially reduce the
conservation value of the species because the adverse effects (reduced growth and survival of
individuals) would begin to reduce the number of reproducing individuals across multiple
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generations. In some cases, negative SAM values extend beyond these compensation periods, in
which case offsite compensatory mitigation can reduce the long-term effects to a species survival
and recovery by creating high quality habitat conditions in areas that provide high ecological
value for the species. Because we have determined the SAM model is not a strong
representation of green sturgeon growth and survival response, we are applying the
implementation of the USACE Green Sturgeon Conservation Measures As key actions necessary
to both avoid reducing the survival and recovery of the species in the wild and reducing the
conservation value of critical habitat, instead of applying a specific compensation time period for
green sturgeon. As such, this BO applies the following compensation timing as general targets
for avoiding such long-term effects to salmon and steelhead:

1. Chinook salmon, 5 years;
2. Central Valley steelhead, 4 years

2.2 Rangewide Status of the Species and Critical Habitat

This BO examines the status of each species that will be adversely affected by the proposed
action. The status is determined by the level of extinction risk that the listed species face, based
on parameters considered in documents such as recovery plans, status reviews, and listing
decisions. This informs the description of the species’ likelihood of both survival and recovery.
The species status section also helps to inform the description of the species’ current
“reproduction, numbers, or distribution” as described in 50 CFR 402.02. The BO also examines
the condition of critical habitat throughout the designated area, evaluates the conservation value
of the various watersheds and coastal and marine environments that make up the designated area,
and discusses the current function of the essential physical and biological features that help to
form that conservation value.

One factor affecting the rangewide status of the CV spring-run Chinook salmon, Sacramento
River winter-run Chinook salmon, CCV steelhead, and the North American green sturgeon, and

aquatic habitat at large is climate change.

The following federally listed species and designated critical habitats occur in the action area and
may be affected by the proposed action:

Sacramento River winter-run Chinook salmon ESU (Oncorhynchu
tshawytscha) Listed as endangered (70 FR 37160, June 28, 2005)

Sacramento River winter-run Chinook salmon designated critical habitat
(June 16, 1993, 58 FR 33212)

CV spring-run Chinook salmon ESU (O. tshawytscha)
Listed as threatened (70 FR 37160, June 28, 2005)

CV spring-run Chinook salmon designated critical habitat (70 FR 52488, September
2,2005)
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CCYV steelhead DPS (O. mykiss)
Listed as threatened (71 FR 834, January 5, 2006)

CCYV steelhead designated critical habitat
(70 FR 52488, September 2, 2005)

Southern DPS of North American green sturgeon (Acipenser medirostris)
Listed as threatened (71 FR 17757, April 7, 2006)

Southern DPS of North American green sturgeon designated critical habitat (74 FR
52300, October 9, 2009)

Critical habitat designations identify those physical and biological features of the habitat that are
essential to the conservation of the species and that may require special management
consideration or protection. Within the West Sacramento GRS this includes the river water, river
bottom, and the lateral extent as defined by the ordinary high-water line. In areas where the
ordinary high-water line has not been defined, the lateral extent is defined by the bankfull
elevation (defined as the level at which water begins to leave the channel and move into the
floodplain; it is reached at a discharge that generally has a recurrence interval of one to two years
on the annual flood series) used by listed salmonids and sturgeon.

NMEFS has recently completed an updated status review of five Pacific salmon ESUs and one
steelhead DPS, including Sacramento River winter-run Chinook salmon, CV spring-run Chinook
salmon and CCV steelhead, and concluded that the species’ status should remain as previously
listed (76 FR 50447; August 15, 2011). The 2011 status reviews (NMFS 2011a, 2011b, 2011c)
additionally stated that, although the listings should remain unchanged, the status of these
populations have worsened over the past five years since the 2005/2006 reviews and
recommended that status be reassessed in two to three years as opposed to waiting another five
years.

2.2.1 Sacramento River Winter-run Chinook salmon

The Sacramento River winter-run Chinook salmon (winter-run Oncorhynchus tshawytscha)
ESU, currently listed as endangered, was listed as a threatened species under emergency
provisions of the ESA on August 4, 1989 (54 FR 32085) and formally listed as a threatened
species in November 1990 (55 FR 46515). On January 4, 1994 (59 FR 440), NMFS re-classified
winter-run as an endangered species. NMFS concluded that winter-run in the Sacramento River
warranted listing as an endangered species due to several factors, including: (1) the continued
decline and increased variability of run sizes since its first listing as a threatened species in 1989;
(2) the expectation of weak returns in future years as the result of two small year classes (1991
and 1993); and (3) continued threats to the “take” of winter-run (August 15, 2011, 76 FR 50447).

On June 28, 2005, NMFS concluded that the winter-run ESU was “in danger of extinction” due
to risks to the ESU’s diversity and spatial structure and, therefore, continues to warrant listing as
an endangered species under the ESA (70 FR 37160). In August 2011, NMFS completed a 5-
year status review of five Pacific salmon ESUs, including the winter-run ESU, and again
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determined that the species’ status should remain as “endangered” (August 15, 2011, 76 FR
50447). The 2011 review concluded that although the listing remained unchanged since the
2005 review, the status of the population had declined over the past five years (2005-2010).

The winter-run ESU currently consists of only one population that is confined to the upper
Sacramento River (spawning downstream of Shasta and Keswick dams) in California’s CV. In
addition, an artificial propagation program at the Livingston Stone National Fish Hatchery
(LSNFH) produces winter-run that are considered to be part of this ESU (June 28, 2005, 70 FR
37160). Most components of the winter-run life history (e.g., spawning, incubation, freshwater
rearing) have been compromised by the habitat blockage in the upper Sacramento River. All
historical spawning and rearing habitats have been blocked since the construction of Shasta Dam
in 1943. Remaining spawning and rearing areas are completely dependent on cold water releases
from Shasta Dam in order to sustain the remnant population.

Life History

1. Adult Migration and Spawning

Winter-run exhibit a unique life history pattern (Healey 1994) compared to other salmon
populations in the CV (i.e., spring-run, fall-run, and late-fall run), in that they spawn in the
summer, and the juveniles are the first to enter the ocean the following winter and spring. Adults
first enter San Francisco Bay from November through June (Hallock and Fisher 1985) and
migrate up the Sacramento River, past the RBDD from mid-December through early August
(NMFS 1997). The majority of the run passes RBDD from January through May, with the peak
passage occurring in mid-March (Hallock and Fisher 1985). The timing of migration may vary
somewhat due to changes in river flows, dam operations, and water year type (Table 5;
Yoshiyama et al. 1998, Moyle 2002).

Winter-run tend to enter freshwater while still immature and travel far upriver and delay
spawning for weeks or months upon arrival at their spawning grounds (Healey 1991). Spawning
occurs primarily from mid-May to mid-August, with the peak activity occurring in June and July
in the upper Sacramento River reach (50 miles) between Keswick Dam and RBDD (Vogel and
Marine 1991). Winter-run deposit and fertilize eggs in gravel beds known as redds excavated by
the female that then dies following spawning. Average fecundity was 5,192 eggs/female for the
2006-2013 returns to LSNFH, which is similar to other Chinook salmon runs [e.g., 5,401
average for Pacific Northwest (Quinn 2005)]. Chinook salmon spawning requirements for depth
and velocities are broad, and the upper preferred water temperature is between 55-57°F (13—
14°C) degrees (Snider et al. 2001). The majority of winter-run adults return after three years.
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Table 5. The temporal occurrence of adult (a) and juvenile (b) winter-run in the Sacramento
River. Darker shades indicate months of greatest relative abundance.

Winter run High
relative abundance

a) Adults freshwater

Location Jan | Feb | Mar May | Jun | Jul Oct | Nov | Dec
Sacramento River
basin®®

Upper Sacramento
River spawning*

b) Juvenile emigration
Location Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Sacramento River
at

Red Bluffd
Sacramento River
at Knights Landing®
Sacramento trawl
at Sherwood
Harborf

Midwater trawl at
Chipps Island®
Sources: # (Yoshiyama et al. 1998); (Moyle 2002); ®(Myers et al. 1998) ; ¢ (Williams 2006) ; ¢
(Martin et al. 2001); ¢ Knights Landing Rotary Screw Trap Data, CDFW (1999-2011); “¢ Delta
Juvenile Fish Monitoring Program, USFWS (1995-2012)

Medium Low

2. Eggs/Fry Emergence

Winter-run incubating eggs are vulnerable to adverse effects from floods, flow fluctuations,
siltation, desiccation, disease, predation during spawning, poor gravel percolation, and poor
water quality. The optimal water temperature for egg incubation ranges from 46—-56°F (7.8—
13.3°C) and a significant reduction in egg viability occurs in mean daily water temperatures
above 57.5°F (14.2°C; Seymour 1956, Boles 1988, USFWS 1998, EPA 2003, Richter and
Kolmes 2005, Geist et al. 2006). Total embryo mortality can occur at temperatures above 62°F
(16.7°C; NMFS 1997). Depending on ambient water temperature, embryos hatch within 40-60
days and alevin (yolk-sac fry) remain in the gravel beds for an additional 4-6 weeks. As their
yolk-sacs become depleted, fry begin to emerge from the gravel and start exogenous feeding in
their natal stream, typically in late July to early August and continuing through October (Fisher
1994).

3. Juvenile/Outmigration

Juvenile winter-run have been found to exhibit variability in their life history dependent on
emergence timing and growth rates (Beckman et al. 2007). Following spawning, egg incubation,
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and fry emergence from the gravel, juveniles begin to emigrate in the fall. Some juvenile winter-
run migrate to sea after only 4 to 7 months of river life, while others hold and rear upstream and
spend 9 to 10 months in freshwater. Emigration of juvenile winter-run fry and pre-smolts past
RBDD (RM 242) may begin as early as mid-July, but typically peaks at the end of September
(Table 5), and can continue through March in dry years (Vogel and Marine 1991, NMFS 1997).

4. Estuarine/Delta Rearing

Juvenile winter-run emigration into the estuary/Delta occurs primarily from November through
early May based on data collected from trawls in the Sacramento River at Sherwood Harbor
(West Sacramento), RM 57 (USFWS 2001). The timing of emigration may vary somewhat due
to changes in river flows, Shasta Dam operations, and water year type, but has been correlated
with the first storm event when flows exceed 14,000 cfs at Knights Landing, RM 90, which
trigger abrupt emigration towards the Delta (del Rosario ef al. 2013). Residence time in the
Delta for juvenile winter-run averages approximately 3 months based on median seasonal catch
between Knights Landing and Chipps Island. In general, the earlier juvenile winter-run arrive in
the Delta, the longer they stay and rear, as peak departure at Chipps Island regularly occurs in
March (del Rosario ef al. 2013). The Delta serves as an important rearing and transition zone for
juvenile winter-run as they feed and physiologically adapt to marine waters (smoltification). The
majority of juvenile winter-run in the Delta are 104 to 128 millimeters (mm) in size based on
USFWS trawl data (1995-2012), and from 5 to 10 months of age, by the time they depart the
Delta (Fisher 1994, Myers et al. 1998).

5. Ocean Rearing

Winter-run smolts enter the Pacific Ocean mainly in spring (March—April), and grow rapidly on
a diet of small fishes, crustaceans, and squid. Salmon runs that migrate to sea at a larger size tend
to have higher marine survival rates (Quinn 2005). The diet composition of Chinook salmon
from California consist of anchovy, rockfish, herring, and other invertebrates (in order of
preference, Healey 1991). Most Chinook from the Central Valley move northward into Oregon
and Washington, where herring make up the majority of their diet. However winter-run, upon
entering the ocean, tend to stay near the California coast and distribute from Point Arena
southward to Monterey Bay. Winter-run have high metabolic rates, feed heavily, and grow fast,
compared to other fishes in their range. They can double their length and increase their weight
more than ten-fold in the first summer at sea (Quinn 2005). Mortality is typically highest in the
first summer at sea, but can depend on ocean conditions. Winter-run abundance has been
correlated with ocean conditions, such as periods of strong up-welling, cooler temperatures, and
El Nino events (Lindley ef al. 2009). Winter-run spend approximately 1-2 years rearing in the
ocean before returning to the Sacramento River as 2-3 year old adults. Very few winter-run
Chinook salmon reach age 4. Once they reach age 3, they are large enough to become
vulnerable to commercial and sport fisheries.
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Description of Viable Salmonid Population (VSP) Parameters
1. Abundance

Historically, winter-run population estimates were as high as 120,000 fish in the 1960s, but
declined to less than 200 fish by the 1990s (NMFS 2011). In recent years, since carcass surveys
began in 2001 (Figure 3), the highest adult escapement occurred in 2005 and 2006 with 15,839
and 17,296, respectively. However, from 2007 to 2012, the population has shown a precipitous
decline, averaging 2,486 during this period, with a low of 827 adults in 2011 (Figure 3). This
recent declining trend is likely due to a combination of factors such as poor ocean productivity
(Lindley et al. 2009), drought conditions from 2007-2009, and low in-river survival (NMFS
2011a). In 2013, the population increased to 6,075 adults, well above the 2007—-2012 average,
but below the high for the last ten years.

Although impacts from hatchery fish (i.e., reduced fitness, weaker genetics, smaller size, less
ability to avoid predators) are often cited as having deleterious impacts on natural in-river
populations (Matala et al. 2012), the winter-run conservation program at LSNFH is strictly
controlled by the USFWS to reduce such impacts. The average annual hatchery production at
LSNFH is approximately 176,348 per year (2001-2010 average) compared to the estimated
natural production that passes RBDD, approximately 4.7 million (2002-2010 average, Poytress
and Carrillo 2011). Therefore, hatchery production typically represents approximately 3-4
percent of the total in-river juvenile production in any given year.
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Figure 3. Winter-run Chinook salmon escapement numbers 1970-2013, includes hatchery
broodstock and tributaries, but excludes sport catch. RBDD ladder counts used pre-2000, carcass
surveys post 2001 (3).
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2. Productivity

ESU productivity was positive over the period 1998-2006, and adult escapement and juvenile
production had been increasing annually until 2007, when productivity became negative (Figure
4) with declining escapement estimates. The long-term trend for the ESU, therefore, remains
negative, as the productivity is subject to impacts from environmental and artificial conditions.
The population growth rate based on cohort replacement rate (CRR) for the period 2007-2012
suggests a reduction in productivity (Figure 4), and indicates that the winter-run population is not
replacing itself. In 2013, winter-run experienced a positive CRR, possibly due to favorable in-
river conditions in 2011 (a wet year), which increased juvenile survival to the ocean.

Winter-run Population Trend based on Adults in the
Carcass Surveys from 1999 - 2013

10.00

1.00

Log of Cohort Replacement Rate

Figure 4. Winter-run population trend using cohort replacement rate derived from adult
escapement, including hatchery fish, 1986-2013.

An age-structured density-independent model of spawning escapement by Botsford and
Brittnacher (1998) assessing the viability of winter-run found the species was certain to fall
below the quasi-extinction threshold of three consecutive spawning runs with fewer than 50
females (Good et al. 2005). Lindley and Mohr (2003) assessed the viability of the population
using a Bayesian model based on spawning escapement that allowed for density dependence and
a change in population growth rate in response to conservation measures found a biologically
significant expected quasi-extinction probability of 28 percent. Although the growth rate for the
winter-run population improved up until 2006, it exhibits the typical variability found in most
endangered species populations. The fact that there is only one population, dependent upon cold-
water releases from Shasta Dam, makes it vulnerable to periods of prolonged drought (NMFS
2011). Productivity, as measured by the number of juveniles entering the Delta, or juvenile
production estimate (JPE), has declined in recent years from a high of 3.8 million in 2007 to 1.1
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million in 2013 (Table 6). Due to uncertainties in the various factors, the JPE was updated in
2010 with the addition of confidence intervals (Cramer Fish Sciences model), and again in 2013
with a change in survival based on acoustic tag data (NMFS 2014). However, juvenile winter-run
productivity is still much lower than other Chinook salmon runs in the Central Valley and in the
Pacific Northwest (Michel 2010).

Table 6. Winter-run adult and juvenile population estimates based on RBDD counts (1986—
2001) and carcass counts (2001-2013), with corresponding 3-year-cohort replacement rates.

Adult Cohort NMFS-calculated
Return (Population [Replacement [Juvenile
Year  |[Estimate®  |Rate” Production
1986 2596
1987 2185
1988 2878
1989 696 0.27
1990 430 0.20
1991 211 0.07
1992 1240 1.78 40,100
1993 387 0.90 273,100
1994 186 0.88 90,500
1995 1297 1.05 74,500
1996 1337 3.45 338,107
1997 880 4.73 165,069
1998 2992 2.31 138,316
1999 3288 2.46 454,792
2000 1352 1.54 289,724
2001 8224 2.75 370,221
2002 7441 2.26 1,864,802
2003 8218 6.08 2,136,747
2004 7869 0.96 1,896,649
2005 15839 2.13 881,719
2006 17296 2.10 3,556,995
2007 2542 0.32 3,890,534
2008 2830 0.18 1,100,067
2009 4537 0.26 1,152,043
2010 1,596 0.63 1,144,860
2011 827 0.29 332,012
2012 2,674 0.59 162,051
2013 6,075 3.88 1,196,387
median (2,542 0.95 412,507

 Population estimates include adults taken into the hatchery and were based on ladder counts at
RBDD until 2001, after which the methodology changed to carcass surveys (CDFG 2012).

® Assumes all adults return after three years. NMFS calculated a CRR using the adult spawning
population, divided by the spawning population three years prior. Two year old returns were
not used.
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¢ JPE estimates include survival estimates from the spawning gravel to the point where they enter
the Delta (Sacramento I St Bridge), but does not include through-Delta survival.

3. Spatial Structure

The distribution of winter-run spawning and initial rearing historically was limited to the upper
Sacramento River (upstream of Shasta Dam), McCloud River, Pitt River, and Battle Creek,
where springs provided cold water throughout the summer, allowing for spawning, egg
incubation, and rearing during the mid-summer period (Slater 1963 op. cit. Yoshiyama et al.
1998). The construction of Shasta Dam in 1943 blocked access to all of these waters except
Battle Creek, which currently has its own impediments to upstream migration (i.e., a number of
small hydroelectric dams situated upstream of the Coleman Fish Hatchery weir). The Battle
Creek Salmon and Steelhead Restoration Project (BCSSRP) is currently removing these
impediments, which should restore spawning and rearing habitat for winter-run in the future.
Approximately 299 miles of former tributary spawning habitat upstream of Shasta Dam is
inaccessible to winter-run. Yoshiyama et al. (2001) estimated that in 1938, the upper Sacramento
River had a “potential spawning capacity” of approximately 14,000 redds equal to 28,000
spawners. Since 2001, the majority of winter-run redds have occurred in the first 10 miles
downstream of Keswick Dam. Most components of the winter-run life history (e.g., spawning,
incubation, freshwater rearing) have been compromised by the construction of Shasta Dam.

The greatest risk factor for winter-run lies within its spatial structure (NMFS 2011). The remnant
and remaining population cannot access 95% of their historical spawning habitat, and must
therefore be artificially maintained in the Sacramento River by: (1) spawning gravel
augmentation, (2) hatchery supplementation, and, (3) regulating the finite cold-water pool behind
Shasta Dam to reduce water temperatures. Winter-run require cold water temperatures in the
summer that simulate their upper basin habitat, and they are more likely to be exposed to the
impacts of drought in a lower basin environment. Battle Creek is currently the most feasible
opportunity for the ESU to expand its spatial structure, but restoration is not scheduled to be
completed until 2017 (BCSSRP). The draft CV Salmon and Steelhead Recovery Plan includes
criteria for recovering the winter-run Chinook salmon ESU, including re-establishing a
population into historical habitats upstream of Shasta Dam (NMFS 2009b). Additionally, NMFS
(2009a) included a requirement for a pilot fish passage program upstream of Shasta Dam.

4. Diversity

The current winter-run population is the result of the introgression of several stocks (e.g., spring-
run and fall-run Chinook) that occurred when Shasta Dam blocked access to the upper
watershed. A second genetic bottleneck occurred with the construction of Keswick Dam which
blocked access and did not allow spatial separation of the different runs (Good et al. 2005).
Lindley et al. (2007) recommended reclassifying the winter-run population extinction risk from
low to moderate, if the proportion of hatchery origin fish from the LSNFH exceeded 15 percent
due to the impacts of hatchery fish over multiple generations of spawners. Since 2005, the
percentage of hatchery winter-run recovered in the Sacramento River has only been above 15
percent in two years, 2005 and 2012 (Figure 5).

Concern over genetic introgression within the winter-run population led to a conservation
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program at LSNFH that encompasses best management practices such as: (1) genetic
confirmation of each adult prior to spawning, (2) a limited number of spawners based on the
effective population size, and (3) use of only natural-origin spawners since 2009. These
practices reduce the risk of hatchery impacts on the wild population. Hatchery-origin winter-run
have made up more than 5 percent of the natural spawning run in recent years and in 2012, it
exceeded 30 percent of the natural run (Figure 5). However, the average over the last 16 years
(approximately 5 generations) has been 8 percent, still below the low-risk threshold (15%) used
for hatchery influence (Lindley et al. 2007).
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Figure 5. Percentage of hatchery-origin winter-run Chinook salmon naturally spawning in the
Sacramento River (1996-2013). Source: CDFW carcass surveys, 2013.

Summary of Sacramento River Winter-run Chinook Salomon ESU Viability

There are several criteria (only one is required) that would qualify the winter-run ESU at
moderate risk of extinction, and since there is still only one population that spawns downstream
of Keswick Dam, that population would be at high risk of extinction in the long-term according
the criteria in Lindley et al. (2007). Recent trends in those criteria are: (1) continued low
abundance (Figure 3); (2) a negative growth rate over 6 years (2006-2012), which is two
complete generations (Figure 4); (3) a significant rate of decline since 2006; and (4) increased
risk of catastrophe from oil spills, wild fires, or extended drought (climate change). The most
recent 5-year status review (NMFS 2011) on winter-run concluded that the ESU had increased to
a high risk of extinction. In summary, the most recent biological information suggests that the
extinction risk for the winter-run ESU has increased from moderate risk to high risk of extinction
since 2005, and that several listing factors have contributed to the recent decline, including
drought and poor ocean conditions (NMFS 2011).
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Critical Habitat: Essential Features for Sacramento River Winter-run Chinook Salmon

NMES designated critical habitat for winter-run Chinook salmon on June 16, 1993 (58 FR
33212). Critical habitat was delineated as the Sacramento River from Keswick Dam at river mile
(RM) 302 to Chipps Island, RM 0, at the westward margin of the Sacramento-San Joaquin Delta
(Delta), including Kimball Island, Winter Island, and Brown’s Island; all waters from Chipps
Island westward to the Carquinez Bridge, including Honker Bay, Grizzly Bay, Suisun Bay, and
the Carquinez Strait; all waters of San Pablo Bay westward of the Carquinez Bridge, and all
waters of San Francisco Bay north of the San Francisco-Oakland Bay Bridge from San Pablo
Bay to the Golden Gate Bridge. In the Sacramento River, critical habitat includes the river water,
river bottom, and the adjacent riparian zone.

Critical habitat for winter-run is defined as specific areas (listed below) that contain the physical
and biological features considered essential to the conservation of the species. This designation
includes the river water, river bottom (including those areas and associated gravel used by
winter-run as spawning substrate), and adjacent riparian zone used by fry and juveniles for
rearing (June 16, 1993, 58 FR 33212). NMFS limits “adjacent riparian zones” to only those areas
above a stream bank that provide cover and shade to the near shore aquatic areas. Although the
bypasses (e.g., Yolo, Sutter, and Colusa) are not currently designated critical habitat for winter-
run, NMFS recognizes that they may be utilized when inundated with Sacramento River flood
flows and are important rearing habitats for juvenile winter-run. Also, juvenile winter-run may
use tributaries of the Sacramento River for non-natal rearing. Critical habitat also includes the
estuarine water column and essential foraging habitat and food resources used by winter-run as
part of their juvenile outmigration or adult spawning migration.

The following is the status of the physical and biological habitat features that are considered to
be essential for the conservation of winter-run (June 16, 1993, 58 FR 33212):

1. Access from the Pacific Ocean to Appropriate Spawning Areas

Adult migration corridors should provide satisfactory water quality, water quantity, water
temperature, water velocity, cover, shelter and safe passage conditions in order for adults to
reach spawning areas. Adult winter-run generally migrate to spawning areas during the winter
and spring. At that time of year, the migration route is accessible to the appropriate spawning
grounds on the upper 60 miles of the Sacramento River, however much of this migratory habitat
is degraded and they must pass through a fish ladder at the Anderson-Cottonwood Irrigation
Dam (ACID). In addition, the many flood bypasses are known to strand adults in agricultural
drains due to inadequate screening (Vincik and Johnson 2013). Since the primary migration
corridors are essential for connecting early rearing habitat with the ocean, even the degraded
reaches are considered to have a high intrinsic conservation value to the species.

2. The Availability of Clean Gravel for Spawning Substrate

Suitable spawning habitat for winter-run exists in the upper 60 miles of the Sacramento River
between Keswick Dam and Red Bluff Diversion Dam (RBDD). However, the majority of
spawning habitat currently being used occurs in the first 10 miles downstream of Keswick Dam.
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The available spawning habit is completely outside the historical range utilized by winter-run
upstream of Keswick Dam. Because Shasta and Keswick dams block gravel recruitment, the
U.S. Bureau of Reclamation (Reclamation) annually injects spawning gravel into various areas
of the upper Sacramento River. With the supplemented gravel injections, the upper Sacramento
River reach continues to support a small naturally-spawning winter-run Chinook salmon
population. Even in degraded reaches, spawning habitat has a high conservation value as its
function directly affects the spawning success and reproductive potential of listed salmonids.

3. Adequate River Flows for Successful Spawning, Incubation of Eggs, Fry Development
and Emergence, and Downstream Transport of Juveniles

An April 5, 1960, Memorandum of Agreement between Reclamation and the CDFW originally
established flow objectives in the Sacramento River for the protection and preservation of fish
and wildlife resources. In addition, Reclamation complies with the 1990 flow releases required in
State Water Resource Control Board (SWRCB) Water Rights Order (WRO) 90-05 for the
protection of Chinook salmon. This order includes a minimum flow release of 3,250 cubic feet
per second (cfs) from Keswick Dam downstream to RBDD from September through February
during all water year types, except critically dry.

4. Water Temperatures at 5.8-14.1°C (42.5-57.5°F) for Successful Spawning, Egg
Incubation, and Fry Development

Summer flow releases from Shasta Reservoir for agriculture and other consumptive uses drive
operations of Shasta and Keswick dam water releases during the period of winter-run migration,
spawning, egg incubation, fry development, and emergence. This pattern, the opposite of the pre-
dam hydrograph, benefits winter-run by providing cold water for miles downstream during the
hottest part of the year. The extent to which winter-run habitat needs are met depends on
Reclamation’s other operational commitments, including those to water contractors, Delta
requirements pursuant to State Water Rights Decision 1641 (D-1641), and Shasta Reservoir end
of September storage levels required in the NMFS 2009 biological opinion on the long-term
operations of the CV Project and State Water Project (CVP/SWP, NMFS 2009a). WRO 90-05
and 91-1 require Reclamation to operate Shasta, Keswick, and Spring Creek Powerhouse to meet
a daily average water temperature of 13.3°C (56°F) at RBDD. They also provide the exception
that the water temperature compliance point (TCP) may be modified when the objective cannot
be met at RBDD. Based on these requirements, Reclamation models monthly forecasts and
determines how far downstream 13.3°C (56°F) can be maintained throughout the winter-run
spawning, egg incubation, and fry development stages.

In every year since WRO 90-05 and 91-1were issued, operation plans have included modifying
the TCP to make the best use of the cold water available based on water temperature modeling
and current spawning distribution. Once a TCP has been identified and established in May, it
generally does not change, and therefore, water temperatures are typically adequate through the
summer for successful winter-run egg incubation and fry development for those redds
constructed upstream of the TCP (except for in some critically dry and drought years). However,
by continually moving the TCP upstream, the value of that habitat is degraded by reducing the
spawning area in size and imprinting upon the next generation to return further upstream.
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5. Habitat and Adequate Prey Free of Contaminants

Water quality conditions have improved since the 1980s due to stricter standards and
Environmental Protection Agency (EPA) Superfund site cleanups (see Iron Mountain Mine
remediation under Factors). No longer are there fish kills in the Sacramento River caused by the
heavy metals (e.g., lead, zinc and copper) found in the Spring Creek runoff. However, legacy
contaminants such as mercury (and methyl mercury), polychlorinated biphenyls (PCB), heavy
metals and persistent organochlorine pesticides continue to be found in watersheds throughout
the CV. In 2010, the EPA, listed the Sacramento River as impaired under the Clean Water Act,
section 303(d), due to high levels of pesticides, herbicides, and heavy metals
(http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/categoryS_rep
ort.shtml). Although most of these contaminants are at low concentrations in the food chain, they
continue to work their way into the base of the food web, particularly when sediments are
disturbed and previously entombed compounds are released into the water column.

Adequate prey for juvenile salmon to survive and grow consists of abundant aquatic and
terrestrial invertebrates that make up the majority of their diet before entering the ocean.
Exposure to these contaminated food sources such as invertebrates may create delayed sublethal
effects that reduce fitness and survival (Laetz et al. 2009). Contaminants are typically associated
with areas of urban development, agriculture, or other anthropogenic activities (e.g., mercury
contamination as a result of gold mining or processing). Areas with low human impacts
frequently have low contaminant burdens, and therefore lower levels of potentially harmful
toxicants in the aquatic system. Freshwater rearing habitat has a high intrinsic conservation value
even if the current conditions are significantly degraded from their natural state.

6. Riparian and Floodplain Habitat that Provides for Successful Juvenile Development and
Survival

The channelized, leveed, and riprapped river reaches and sloughs that are common in the
Sacramento River system typically have low habitat complexity, low abundance of food
organisms, and offer little protection from predators. Juvenile life stages of salmonids are
dependent on the natural functioning of this habitat for successful survival and recruitment.
Ideal habitat contains natural cover, such as riparian canopy structure, submerged and
overhanging large woody material (LWM), aquatic vegetation, large rocks and boulders, side
channels, and undercut banks which augment juvenile and adult mobility, survival, and food
supply. Riparian recruitment is prevented from becoming established due to the reversed
hydrology (i.e., high summer time flows and low winter flows prevent tree seedlings from
establishing). However, there are some complex, productive habitats within historical floodplains
[e.g., Sacramento River reaches with setback levees (i.e., primarily located upstream of the City
of Colusa)] and flood bypasses (i.e., fish in Yolo and Sutter bypasses experience rapid growth
and higher survival due to abundant food resources) seasonally available that remain in the
system. Nevertheless, the current condition of degraded riparian habitat along the mainstem
Sacramento River restricts juvenile growth and survival (Michel 2010, Michel et al. 2012).
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7. Access Downstream so that Juveniles Can Migrate from the Spawning Grounds to San
Francisco Bay and the Pacific Ocean

Freshwater emigration corridors should be free of migratory obstructions, with water quantity
and quality conditions that enhance migratory movements. Migratory corridors are downstream
of the Keswick Dam spawning areas and include the mainstem of the Sacramento River to the
Delta, as well as non-natal rearing areas near the confluence of some tributary streams.

Migratory habitat condition is strongly affected by the presence of barriers, which can include
dams (i.e., hydropower, flood control, and irrigation flashboard dams), unscreened or poorly
screened diversions, degraded water quality, or behavioral impediments to migration. For
successful survival and recruitment of salmonids, freshwater migration corridors must function
sufficiently to provide adequate passage. Unscreened diversions that entrain juvenile salmonids
are prevalent throughout the mainstem Sacramento River and in the Delta. Predators such as
striped bass (Morone saxatilis) and Sacramento pikeminnow (Ptychocheilus grandis) tend to
concentrate immediately downstream of diversions, resulting in increased mortality of juvenile
Chinook salmon.

Water pumping at the CVP/SWP export facilities in the South Delta at times causes the flow in
the river to move back upstream (reverse flow), further disrupting the emigration of juvenile
winter-run by attracting and diverting them to the interior Delta, where they are exposed to
increased rates of predation, other stressors in the Delta, and entrainment at pumping stations.
NMEFS’ biological opinion on the long-term operations of the CVP/SWP (NMFS 2009a) sets
limits to the strength of reverse flows in the Old and Middle Rivers, thereby keeping salmon
away from areas of highest mortality. Regardless of the condition, the remaining estuarine areas
are of high conservation value because they provide factors which function as rearing habitat and
as an area of transition to the ocean environment.

2.2.2 Central Valley Spring-run Chinook salmon

In August 2011, NMFS completed an updated status review of five Pacific Salmon ESUs,
including CV spring-run Chinook salmon, and concluded that the species’ status should remain
as previously listed (76 FR 50447). The 2011 Status Review (NMFS 2011b) additionally stated
that although the listings will remain unchanged since the 2005 review, and the original 1999
listing (64 FR 50394), the status of these populations has worsened over the past five years and
recommended that the status be reassessed in two to three years as opposed to waiting another
five years.

CV spring-run Chinook salmon were listed as threatened on September 16, 1999, (64 FR 50394).
This ESU consists of spring-run Chinook salmon occurring in the Sacramento River basin. The
Feather River Fish Hatchery (FRFH) spring-run Chinook salmon population has been included
as part of the CV spring-run Chinook salmon ESU in the most recent modification of the CV
spring-run Chinook salmon listing status (70 FR 37160). Critical habitat was designated for CV
spring-run Chinook salmon on September 2, 2005, (70 FR 52488), and includes the action area
for the Proposed Action. It includes stream reaches of the Feather and Yuba rivers, Big Chico,
Butte, Deer, Mill, Battle, Antelope, and Clear creeks, the main stem of the Sacramento River
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from Keswick Dam through the Delta; and portions of the network of channels in the northern
Delta.

Historically spring-run Chinook salmon were the second most abundant salmon run in the CV
and one of the largest on the west coast (CDFG 1990, 1998). These fish occupied the upper and
middle reaches (1,000 to 6,000 feet elevation) of the San Joaquin, American, Yuba, Feather,
Sacramento, McCloud and Pit rivers, with smaller populations in most tributaries with sufficient
habitat for over-summering adults (Stone 1874, Rutter 1904, Clark 1929). The CV Technical
Review Team (TRT) estimated that historically there were 18 or 19 independent populations of
CV spring-run Chinook salmon, along with a number of dependent populations, all within four
distinct geographic regions (diversity groups) (Lindley et al. 2004). Of these 18 populations,
only 3 extant populations currently exist (Mill, Deer, and Butte creeks on the upper Sacramento
River) and they represent only the northern Sierra Nevada diversity group. All populations in the
basalt and porous lava diversity group and the southern Sierra Nevada diversity group have been
extirpated. The northwestern California diversity group did not historically contain independent
populations, and currently contains two or three populations that are likely dependent on the
northern Sierra Nevada diversity group populations for their continued existence.

Construction of low elevation dams in the foothills of the Sierras on the Mokelumne, Stanislaus,
Tuolumne, and Merced rivers, was thought to have extirpated CV spring-run Chinook salmon
from these watersheds of the San Joaquin River, as well as on the American and Yuba rivers of
the Sacramento River basin. However, observations in the last decade suggest that perhaps a
naturally occurring population may still persist in the Stanislaus and Tuolumne rivers (Franks,
personal communication, 2012), as well as in the Yuba River. Documented naturally-spawning
populations of CV spring-run Chinook salmon are currently restricted to accessible reaches of
the upper Sacramento River, Antelope Creek, Battle Creek, Beegum Creek, Big Chico Creek,
Butte Creek, Clear Creek, Deer Creek, Feather River, Mill Creek, and the Yuba River (CDFG
1998).

Life History

Adult CV spring-run Chinook salmon leave the ocean to begin their upstream migration in late
January and early February (CDFG 1998) and enter the Sacramento River beginning in March
(Yoshiyama 1998). Spring-run Chinook salmon move into tributaries of the Sacramento River
(e.g. Butte, Mill, Deer creeks) beginning as early as February in Butte Creek and typically mid-
March in Mill and Deer creeks (Lindley et al. 2004). Adult migration peaks around mid-April in
Butte Creek, and mid-to end of May in Mill and Deer creeks, and is complete by the end of July
in all three tributaries (Lindley ef al. 2004) (Table 7). Typically, spring-run Chinook salmon
utilize mid- to high-elevation streams that provide appropriate temperatures and sufficient flow,
cover, and pool depth to allow over-summering while conserving energy and allowing their
gonadal tissue to mature (Yoshiyama et al. 1998).

Spring-run Chinook salmon spawning occurs between September and October (Moyle 2002).

Between 56 and 87 percent of adult spring-run Chinook salmon that enter the Sacramento River
basin to spawn are 3 years old (Calkins ef al. 1940, Fisher 1994).
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Spring-run Chinook salmon fry emerge from the gravel from November to March (Moyle 2002)
and the emigration timing is highly variable, as they may migrate downstream as young-of-the-
year or as juveniles or yearlings. The model size of fry migrants at approximately 40 millimeters
(mm) between December and April in Mill, Butte, and Deer creeks reflects a prolonged
emergence of fry from the gravel (Lindley ef al. 2004). Studies in Butte Creek, (Ward ef al.
2003, McReynolds et al. 2007) found the majority of CV spring-run Chinook salmon migrants to
be fry, which occurred primarily during December, January, and February; and that these
movements appeared to be influenced by increased flow. Small numbers of CV spring-run
Chinook salmon were observed to remain in Butte Creek to rear and migrated as yearlings later
in the spring. Juvenile emigration patterns in Mill and Deer creeks are very similar to patterns
observed in Butte Creek, with the exception that Mill and Deer creek juveniles typically exhibit a
later young-of-the-year migration and an earlier yearling migration (Lindley et al. 2004). CDFW
(CDFG 1998) observed the emigration period for spring-run Chinook salmon extending from
November to early May, with up to 69 percent of the young-of-the-year fish outmigrating
through the lower Sacramento River and Delta during this period. Peak movement of juvenile
CV spring-run Chinook salmon in the Sacramento River at Knights Landing occurs in
December, and again in March and April. However, juveniles also are observed between
November and the end of May (Snider and Titus 2000).

Once juveniles emerge from the gravel they initially seek areas of shallow water and low
velocities while they finish absorbing the yolk sac and transition to exogenous feeding (Moyle
2002). Many also would disperse downstream during high-flow events. As is the case in other
salmonids, there is a shift in microhabitat use by juveniles to deeper faster water as they grow
larger. Microhabitat use can be influenced by the presence of predators which can force fish to
select areas of heavy cover and suppress foraging in open areas (Moyle 2002).
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Table 7. The temporal occurrence of adult (a) and juvenile (b) CV spring-run Chinook salmon
in the Sacramento River. Darker shades indicate months of greatest relative abundance.

(a) Adult
migration
Location Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Sac.River basin®®
Sac. River
mainstem®

Mill Creek!
Deer Creek?
Butte Creek?

(b) Adult
Holding
(c) Adult
Spawning
(d) Juvenile migration | | |
Oct | Nov | Dec

Location

Sac. River Tribs®
Upper Butte
Creek’

Mill, Deer, Butte
Creeks!

Sac. River at
RBDD¢

Sac. River at KL8

Relative = = -
Abundance: High Medium Low

Note: Yearling spring-run Chinook salmon rear in their natal streams through the first
summer following their birth. Downstream emigration generally occurs the following fall
and winter. Most young of the year spring-run Chinook salmon emigrate during the first
spring after they hatch.

Sources: *Yoshiyama et al. (1998); "Moyle (2002); ‘Myers et al. (1998); ‘Lindley et al.
(2004); °CDFG (1998); "McReynolds et al. (2007); Ward et al. (2003); &Snider and Titus
(2000)

Description of VSP Parameters

Like the winter-run Chinook salmon population, the CV spring-run Chinook salmon population
fails to meet the “representation and redundancy rule” since there are only one demonstrably
viable populations in one diversity group (northern Sierra Nevada) out of the three diversity
groups that historically contained them. Over the long term, these remaining populations are
considered to be vulnerable to catastrophic events, such as volcanic eruptions from Mount
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Lassen or large forest fires due to the close proximity of their headwaters to each other. Drought
is also considered to pose a significant threat to the viability of the spring-run Chinook salmon
populations in these three watersheds due to their close proximity to each other.

1. Abundance

The CV drainage as a whole is estimated to have supported spring-run Chinook salmon runs as
large as 600,000 fish between the late 1880s and 1940s (CDFG 1998). The San Joaquin River
historically supported large runs of spring-run Chinook salmon, suggested to be one of the
largest runs of any Chinook salmon on the West Coast with estimates averaging 200,000 —
500,000 adults returning annually (CDFG 1990). Construction of Friant Dam began in 1939 and
was completed in 1942, which blocked access to upstream habitat.

The FRFH spring-run Chinook salmon population has been included in the ESU based on its
genetic linkage to the natural population and the potential development of a conservation
strategy for the hatchery program. On the Feather River, significant numbers of spring-run
Chinook salmon, as identified by run timing, return to the FRFH. Since 1954, spawning
escapement has been estimated using combinations of in-river estimates and hatchery counts,
with estimates ranging from 2,908 in 1964 to 2 fish in 1978 (DWR 2001). Spring-run estimates
after 1981 have been based solely on salmon entering the hatchery during the month of
September. The 5-year moving averages from 1997 to 2006 had been more than 4,000 fish, but
from 2007 to 2011, the 5-year moving averages have declined each year to a low of 1,783 fish in
2011 (CDFG 2012). However, coded wire tag (CWT) information from these hatchery returns
has indicated that fall-run and spring-run Chinook salmon have overlap (DWR 2001). In
addition, genetic testing has indicated substantial introgression has occurred between fall-run and
spring-run Chinook salmon populations within the Feather River system due to temporal overlap
and hatchery practices (DWR 2001). Because Chinook salmon have not always been spatially
separated in the FRFH, spring-run and fall-run Chinook salmon have been spawned together,
thus compromising the genetic integrity of the spring-run Chinook salmon stock (Good ef al.
2005; DWR draft Hatchery Genetic Management Plan 2010). For the reasons discussed above,
the Feather River spring-run Chinook salmon population numbers are not included in the
following discussion of ESU abundance.

In addition, monitoring of the Sacramento River mainstem during spring-run Chinook salmon
spawning timing indicates some spawning occurs in the river. Here, the lack of physical
separation of spring-run Chinook salmon from fall-run Chinook salmon is complicated by
overlapping migration and spawning periods. Significant hybridization with fall-run Chinook
salmon makes identification of spring-run Chinook salmon in the mainstem very difficult to
determine, but counts of early spawning Chinook salmon redds are typically used as an indicator
of abundance. Less than 15 redds per year were observed in the Sacramento River from 1989 to
1993, during September aerial redd counts (USFWS 2003). Redd surveys conducted in
September between 2001 and 2011 have observed an average of 36 salmon redds from Keswick
Dam downstream to the RBDD, ranging from three to 105 redds (CDFG, unpublished data,
2011). Therefore, even though physical habitat conditions can support spawning and incubation,
spring-run Chinook salmon depend on spatial segregation and geographic isolation from fall-run
Chinook salmon to maintain genetic diversity. With the onset of fall-run Chinook salmon
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spawning occurring in the same time and place as potential spring-run Chinook salmon
spawning, it is likely to have caused extensive introgression between the populations (CDFG
1998). For these reasons, Sacramento River mainstem spring-run Chinook salmon are not
included in the following discussion of ESU abundance trends.

Sacramento River tributary populations in Mill, Deer, and Butte creeks are likely the best trend
indicators for the CV spring-run Chinook salmon ESU as a whole because these streams contain
the primary independent populations within the ESU. Generally, these streams have shown a
positive escapement trend since 1991, displaying broad fluctuations in adult abundance, ranging
from 1,013 in 1993 to 23,788 in 1998. Tributary numbers during 2005 to 2011 showed a
downturn; however, 2012 and 2013 showed an increase to 10,810 and 18,499 fish, respectively.
Escapement numbers for 2013 increased in most tributary populations, which resulted in the
second highest number of spring-run Chinook salmon returning to the tributaries since 1960.
Escapement numbers are dominated by Butte Creek returns, which have averaged over 7,000
fish from 1995 to 2005. During this same period, adult returns on Mill and Deer creeks have
averaged 780 fish, and 1,464 fish respectively. From 2001 to 2005, the CV spring-run Chinook
salmon ESU has experienced a trend of increasing abundance in some natural populations, most
dramatically in the Butte Creek population (Good et al. 2005). Although trends were generally
positive during this time, annual abundance estimates display a high level of fluctuation, and the
overall number of CV spring-run Chinook salmon remains well below estimates of historic
abundance.

In 2002 and 2003, mean water temperatures in Butte Creek exceeded 21°C for 10 or more days
in July (Williams 2006). These persistent high water temperatures, coupled with high fish
densities, precipitated an outbreak of Columnaris Disease (Flexibacter columnaris) and
Ichthyophthiriasis (Ichthyophthirius multifiis) in the adult spring-run Chinook salmon over-
summering in Butte Creek. In 2002, this contributed to the pre-spawning mortality of
approximately 20 to 30 percent of the adults. In 2003, approximately 65 percent of the adults
succumbed, resulting in a loss of an estimated 11,231 adult spring-run Chinook salmon in Butte
Creek due to the disease. Since 2005, abundance numbers in most of the tributaries have
declined. From 2006 to 2009, adult returns indicate that population abundance is declining from
the peaks seen in the 5 years prior for the entire Sacramento River basin.

For Mill Creek the 2009, return of 220 spring-run Chinook salmon was the lowest return since
1997. Assuming the 2012, spring-run Chinook salmon return was primarily of three year old
fish, then those 768 Chinook salmon represent a significant increase over the 2009, parent year.
The 2013 estimate was 644, which was an increase from 2010 estimate of 482. The Mill Creek
population of spring-run Chinook salmon is currently at a moderate risk of extinction, due to the
significant decline in abundance from prior to 2008 through 2011. However, with the increase in
abundance in 2012 and 2013, this trend may be improving. The Deer Creek abundance of spring-
run Chinook salmon experienced a significant decline starting in 2008, with an increase in 2012
and 2013.

The abundance of spring-run Chinook salmon in Clear Creek was lower in 2010, 2011, and from

2005 through 2011, abundance numbers in most of the tributaries declined. Adult returns from
2006 to 2009, indicate that population abundance for the entire Sacramento River basin was
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declining from the peaks seen in the five years prior to 2006. Declines in abundance from 2005
to 2011, placed the Mill Creek and Deer Creek populations in the high extinction risk category
due to the rates of decline, and in the case of Deer Creek, also the level of escapement (NMFS
2011). Butte Creek had sufficient abundance to retain its low extinction risk classification, but
the rate of population decline in years 2006 through 2011 was nearly sufficient to classify it as a
high extinction risk based on this criteria. Nonetheless, the watersheds identified as having the
highest likelihood of success for achieving viability/low risk of extinction include, Butte, Deer
and Mill creeks (NMFS 2011). Some other tributaries to the Sacramento River, such as Clear
Creek and Battle Creek have seen population gains in the years from 2001 to 2009, but the
overall abundance numbers have remained low. Year 2012 appeared to be a good return year for
most of the tributaries with some, such as Battle Creek, having the highest return on record
(799). Additionally, 2013 adult escapement numbers combined for Butte, Mill and Deer creeks
increased (over 17,000), which resulted in the second highest number of spring-run Chinook
salmon returning to the tributaries since 1998. 2014 adult escapement was lower than 2013 to be
lower, with an adult escapement of just over 5,000 fish, which indicates a highly fluctuating and
unstable ESU.

1. Productivity

The 5-year geometric mean for the extant Butte, Deer, and Mill creek spring-run Chinook
salmon populations ranged from 491 to 4,513 fish, indicating increasing productivity over the
short-term and was projected to likely continue into the future (Good ef al. 2005). However, as
mentioned in the previous paragraph, the next five years of adult escapement to these tributaries
has seen a cumulative decline in fish numbers and the CRR has declined in concert with the
population declines. The productivity of the Feather River and Yuba River populations and
contribution to the CV spring-run ESU currently is unknown.

2. Spatial Structure

With only one of four diversity groups currently containing viable populations, the spatial
structure of CV spring-run Chinook salmon is severely reduced. Butte Creek spring-run Chinook
salmon cohorts have recently utilized all currently available habitat in the creek; and it is
unknown if individuals have opportunistically migrated to other systems. The persistent
populations in Clear Creek and Battle Creek, with habitat restoration completed and underway
are anticipated to add to the spatial structure of the CV spring-run Chinook salmon ESU if they
can reach viable status in the basalt and porous lava and northwestern California diversity group
areas. The spatial structure of the spring-run Chinook salmon ESU would still be lacking with
the extirpation of all San Joaquin River basin spring-run Chinook salmon populations. Plans are
underway to re-establish a spring-run Chinook salmon experimental population downstream of
Friant Dam in the San Joaquin River, as part of the San Joaquin River Settlement Agreement.
This would be done with Feather River Hatchery stock. Interim flows for this began in 2009.. Its
long-term contribution to the CV spring-run Chinook salmon ESU is uncertain. It is clear that
further efforts would need to involve more than restoration of currently accessible watersheds to
make the ESU viable. The draft CV Recovery Plan calls for reestablishing populations into
historical habitats currently blocked by large dams, such as a population upstream of Shasta
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Dam. It also calls to facilitate passage of fish upstream and downstream of Englebright Dam on
the Yuba River (NMFS 2009b).

3. Diversity

The CV spring-run Chinook salmon ESU is comprised of two genetic complexes. Analysis of
natural and hatchery spring-run Chinook salmon stocks in the CV indicates that the northern
Sierra Nevada diversity group spring-run Chinook salmon populations in Mill, Deer, and Butte
creeks retains genetic integrity as opposed to the genetic integrity of the Feather River
population, which has been somewhat compromised. The Feather River spring-run Chinook
salmon have introgressed with the fall-run Chinook salmon, and it appears that the Yuba River
population may have been impacted by FRFH fish straying into the Yuba River. Additionally,
the diversity of the spring-run Chinook salmon ESU has been further reduced with the loss of the
majority, if not all, of the San Joaquin River basin spring-run Chinook salmon populations.
Efforts underway, like the San Joaquin Restoration Project, are needed to improve the diversity
of the CV spring-run Chinook salmon ESU.

Summary of CV Spring-run Chinook salmon DPS Viability

Lindley et al. (2007) indicated that the spring-run Chinook salmon populations in the CV had a
low risk of extinction in Butte and Deer creeks, according to their population viability analysis
(PVA) model and other population viability criteria (i.e., population size, population decline,
catastrophic events, and hatchery influence, which correlate with VSP parameters abundance,
productivity, spatial structure, and diversity). The Mill Creek population of spring-run Chinook
salmon was at moderate extinction risk according to the PVA model, but appeared to satisfy the
other viability criteria for low-risk status. However, the CV spring-run Chinook salmon
population failed to meet the “representation and redundancy rule” since there are only
demonstrably viable populations in one diversity group (northern Sierra Nevada) out of the three
diversity groups that historically contained them. Over the long term, these remaining
populations are considered to be vulnerable to catastrophic events, such as volcanic eruptions
from Mount Lassen or large forest fires due to the close proximity of their headwaters to each
other. Drought is also considered to pose a significant threat to the viability of the spring-run
Chinook salmon populations in these three watersheds due to their close proximity to each other.
One large event could eliminate all three populations.

In the 2011 California CV status review for spring-run Chinook salmon, NMFS identified the
status of CV spring-run Chinook salmon ESU as having probably deteriorated since the 2005
status review and Lindley et al.’s (2007) assessment, with two of the three extant independent
populations (Deer and Mill creeks) of spring-run Chinook salmon slipping from low or moderate
extinction risk to high extinction risk. Since the abundance of some populations is improving,
though this is based on only two years (2012 and 2013), the extinction risk of Sacramento
tributary populations generally has improved from high to moderate.
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Critical Habitat and Primary Constituent Elements for CV Spring-Run Chinook Salmon

Critical habitat was designated for CV spring-run Chinook salmon on September 2, 2005, (70 FR
52488). Critical habitat for CV spring-run Chinook salmon includes stream reaches of the
Feather, Yuba and American rivers, Big Chico, Butte, Deer, Mill, Battle, Antelope, and Clear
creeks, the Sacramento River, as well as portions of the northern Delta. Critical habitat includes
the stream channels in the designated stream reaches and the lateral extent as defined by the
ordinary high-water line. In areas where the ordinary high-water line has not been defined, the
lateral extent will be defined by the bankfull elevation (defined as the level at which water begins
to leave the channel and move into the floodplain; it is reached at a discharge that generally has a
recurrence interval of one to two years on the annual flood series) (Bain and Stevenson 1999; 70
FR 52488). Critical habitat for CV spring-run Chinook salmon is defined as specific areas that
contain the primary constituent elements (PCEs) essential to the conservation of the species.
Following are the inland habitat types used as PCEs for CV spring-run Chinook salmon.

1. Spawning Habitat

Freshwater spawning sites are those with water quantity and quality conditions and substrate
supporting spawning, incubation, and larval development. Most spawning habitat in the CV for
Chinook salmon is located in areas directly downstream of dams containing suitable
environmental conditions for spawning and incubation. Spawning habitat for CV spring-run
Chinook salmon occurs on the mainstem Sacramento River between RBDD and Keswick Dam
and in tributaries such as Mill, Deer, and Butte creeks; as well as the Feather and Yuba rivers,
Big Chico, Battle, Antelope, and Clear creeks. However, little spawning activity has been
recorded in recent years on the Sacramento River mainstem for spring-run Chinook salmon.
Even in degraded reaches, spawning habitat has a high conservation value as its function directly
affects the spawning success and reproductive potential of listed salmonids.

2. Freshwater Rearing Habitat

Freshwater rearing sites are those with water quantity and floodplain connectivity to form and
maintain physical habitat conditions and support juvenile growth and mobility; water quality and
forage supporting juvenile salmonid development; and natural cover such as shade, submerged
and overhanging large woody material, log jams and beaver dams, aquatic vegetation, large
rocks and boulders, side channels, and undercut banks. Both spawning areas and migratory
corridors comprise rearing habitat for juveniles, which feed and grow before and during their
outmigration. Non-natal, intermittent tributaries also may be used for juvenile rearing. Rearing
habitat condition is strongly affected by habitat complexity, food supply, and the presence of
predators of juvenile salmonids. Some complex, productive habitats with floodplains remain in
the system (e.g., the lower Cosumnes River, Sacramento River reaches with setback levees [i.e.,
primarily located upstream of the City of Colusa]) and flood bypasses (i.e., Yolo and Sutter
bypasses). However, the channelized, leveed, and riprapped river reaches and sloughs that are
common in the Sacramento-San Joaquin system typically have low habitat complexity, low
abundance of food organisms, and offer little protection from piscivorous fish and birds.
Freshwater rearing habitat also has a high intrinsic conservation value even if the current
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conditions are significantly degraded from their natural state. Juvenile life stages of salmonids
are dependent on the function of this habitat for successful survival and recruitment.

3. Freshwater Migration Corridors

Ideal freshwater migration corridors are free of migratory obstructions, with water quantity and
quality conditions that enhance migratory movements. They contain natural cover such as
riparian canopy structure, submerged and overhanging large woody objects, aquatic vegetation,
large rocks, and boulders, side channels, and undercut banks which augment juvenile and adult
mobility, survival, and food supply. Migratory corridors are downstream of the spawning areas
and include the lower mainstems of the Sacramento and San Joaquin rivers and the Delta. These
corridors allow the upstream passage of adults, and the downstream emigration of juveniles.
Migratory habitat condition is strongly affected by the presence of barriers, which can include
dams (i.e., hydropower, flood control, and irrigation flashboard dams), unscreened or poorly
screened diversions, degraded water quality, or behavioral impediments to migration. For
successful survival and recruitment of salmonids, freshwater migration corridors must function
sufficiently to provide adequate passage. For adults, upstream passage through the Delta and
much of the Sacramento River is not a problem, yet a number of challenges exist on many
tributary streams. For juveniles, unscreened or inadequately screened water diversions
throughout their migration corridors and a scarcity of complex in-river cover have degraded this
PCE. However, since the primary migration corridors are used by numerous populations, and are
essential for connecting early rearing habitat with the ocean, even the degraded reaches are
considered to have a high intrinsic conservation value to the species.

4. Estuarine Areas

Estuarine areas free of migratory obstructions with water quality, water quantity, and salinity
conditions supporting juvenile and adult physiological transitions between fresh and salt water
are included as a PCE. Natural cover such as submerged and overhanging large woody material,
aquatic vegetation, and side channels, are suitable for juvenile and adult foraging.

The remaining estuarine habitat for these species is severely degraded by altered hydrologic
regimes, poor water quality, reductions in habitat complexity, and competition for food and
space with exotic species. Regardless of the condition, the remaining estuarine areas are of high
conservation value because they provide factors which function to provide predator avoidance,
as rearing habitat and as an area of transition to the ocean environment.

2.2.3 California Central Valley steelhead

CCV steelhead were listed as threatened on March 19, 1998, (63 FR 13347). Following a new
status review (Good ef al. 2005) and after application of the agency’s hatchery listing policy, the
NMEFS reaffirmed its status as threatened and also listed several hatchery stocks as part of the
DPS in 2006 (71 FR 834). In June 2004, after a complete status review of 27 west coast salmonid
ESUs, the NMFS proposed that CCV steelhead remain listed as threatened (69 FR 33102). On
January 5, 2006, NMFS reaffirmed the threatened status of the CCV steelhead and applied the
DPS policy to the listed steelhead ESUs because the resident and anadromous life forms of O.
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mykiss remain “markedly separated” as a consequence of physical, ecological and behavioral
factors, and therefore warranted delineation as a separate DPS (71 FR 834). On August 15, 2011,
the NMFS completed another 5-year status review of CCV steelhead and recommended that the
CCYV steelhead DPS remain classified as a threatened species (NMFS 2011a).

Critical habitat was designated for CCV steelhead on September 2, 2005, (70 FR 52488).

Critical habitat includes the stream channels to the ordinary high water line within designated
stream reaches such as those of the American, Feather, and Yuba rivers, and Deer, Mill, Battle,
Antelope, and Clear creeks in the Sacramento River basin; the Mokelumne, Calaveras,
Stanislaus, Tuolumne, and Merced rivers in the San Joaquin River basin; and the Sacramento and
San Joaquin rivers and Delta. Currently the CCV steelhead DPS and its designated critical
habitat extends up the San Joaquin River upstream to the confluence with the Merced River.

Life History
1. Migratory Forms Present in CV

Steelhead in the CV historically consisted of both summer-run and winter-run migratory forms,
based on their state of sexual maturity at the time of river entry and the duration of their time in
freshwater before spawning. Between 1944 and 1947, annual counts of summer-run steelhead
passing through the Old Folsom Dam fish ladder during May, June, and July ranged from 400 to
1,246 fish (Gerstung 1971). After 1950, when the fish ladder at Old Folsom Dam was destroyed
by flood flows, summer-run steelhead were no longer able to access their historic spawning
areas, and either perished in the warm water downstream of Old Folsom Dam or hybridized with
winter-run steelhead. Only winter-run (ocean maturing) steelhead currently are found in
California CV rivers and streams (Moyle 2002; McEwan and Jackson 1996). Summer-run
steelhead have been extirpated due to a lack of access to suitable holding and staging habitat,
such as coldwater pools in the headwaters of CV streams, presently located upstream of
impassible dams (Lindley et al. 2006).

2. Age Structure

Juvenile steelhead (parr) rear in freshwater for one to three years before outmigrating to the
ocean as smolts (Moyle 2002). The time that parr spend in freshwater is related to their growth
rate, with larger, faster-growing members of a cohort smolting at an earlier age (Peven et al.
1994; Seelbach 1993). Hallock et al. (1961) aged 100 adult steelhead caught in the Sacramento
River upstream of the Feather River confluence in 1954, and found that 70 had smolted at age-2,
29 at age-1, and one at age-3. Seventeen of the adults were repeat spawners, with three fish on
their third spawning migration, and one on its fifth. Age at first maturity varies among
populations. In the CV, most steelhead return to their natal streams as adults at a total age of two
to four years (Hallock 1961, McEwan and Jackson 1996).

3. Egg to Parr Stages

Steelhead eggs hatch in three to four weeks at 10°C to 15°C (Moyle 2002). The length of time it
takes for eggs to hatch depends mostly on water temperature. After hatching, alevins remain in
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the gravel for an additional two to five weeks while absorbing their yolk sacs, and emerge in
spring or early summer (Barnhart 1986). Fry emerge from the gravel usually about four to six
weeks after hatching, but factors such as redd depth, gravel size, siltation, and temperature can
speed or retard this time (Shapovalov and Taft 1954). Upon emergence, fry inhale air at the
stream surface to fill their air bladders, absorb the remains of their yolks in the course of a few
days, and start to feed actively, often in schools (Barnhart 1986; NMFS 1996).

The newly emerged juveniles move to shallow, protected areas associated within the stream
margin (McEwan and Jackson 1996). As steelhead parr increase in size and their swimming
abilities improve, they increasingly exhibit a preference for higher velocity and deeper mid-
channel areas (Hartman 1965; Everest and Chapman 1972; Fontaine 1988).

4. Preferred Juvenile Habitat

Productive juvenile rearing habitat is characterized by complexity, primarily in the form of
cover, which can be deep pools, woody debris, aquatic vegetation, or bolders. Cover is an
important habitat component for juvenile steelhead both as velocity refugia and as a means of
avoiding predation (Meehan and Bjornn 1991). Optimal water temperatures for growth range
from 15°C to 20°C (McCullough ef al. 2001, Spina 2006).

5. Smolt Migration

Juvenile steelhead will often migrate downstream as parr in the summer or fall of their first year
of life (USFWS 2002), but this is not a true smolt migration (Loch ef al. 1988). Smolt migrations
occur in the late winter through spring, when juveniles have undergone a physiological
transformation to survive in the ocean, and become slender in shape, bright silvery in coloration,
with no visible parr marks. Emigrating steelhead smolts use the lower reaches of the Sacramento
River and the Delta primarily as a migration corridor to the ocean. There is little evidence that
they rear in the Delta or on floodplains, though there are few behavioral studies of this life-stage
in the CV.

6. Ocean Behavior

Unlike Pacific salmon, steelhead do not appear to form schools in the ocean (Behnke 1992).
Steelhead in the southern part of their range appear to migrate close to the continental shelf,

while more northern populations may migrate throughout the northern Pacific Ocean (Barnhart
1986).

7. Adult Run-Timing and Spawning Habitat

CCV steelhead generally leave the ocean from August through April (Busby ef al. 1996), enter
freshwater from August to November with a peak in September (Hallock 1961), and spawn from
December to April, with a peak in January through March, in rivers and streams where cold, well
oxygenated water is available (Table 8; Williams 2006; Hallock ef al. 1961; McEwan and
Jackson 1996). Timing of upstream migration is correlated with higher flow events, such as
freshets, and the associated change in water temperatures (Workman et al. 2002). Adults
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typically spend a few months in freshwater before spawning (Williams 2006). Female steelhead

construct redds in suitable gravel and cobble substrate, primarily in pool tailouts and heads of
riffles.

8. Fecundity

The number of eggs laid per female is highly correlated with adult size, though the strain of the
fish can also play a role. Adult steelhead size depends on the duration of and growth rate during
their ocean residency (Meehan and Bjornn 1991). CCV steelhead generally return to freshwater
after one to two years at sea (Hallock ef al. 1961), and adults typically range in size from two to
twelve pounds (Reynolds ef al. 1993). Steelhead about 55 cm long may have fewer than 2,000
eggs, whereas steelhead 85 cm long can have 5,000 to 10,000 eggs, depending on the stock
(Meehan and Bjornn 1991). The average for Coleman National Fish Hatchery (CNFH) since
1999 is about 3,900 eggs per female (USFWS 2011).

9. lIteroparity

Unlike Pacific salmon, steelhead are iteroparous, meaning they are capable of spawning multiple
times before death (Busby ef al. 1996). However, it is rare for steelhead to spawn more than
twice before dying; and repeat spawners tend to be biased towards females (Busby ef al. 1996).
Iteroparity is more common among southern steelhead populations than northern populations
(Busby ef al. 1996). Although one-time spawners are the great majority, Shapovalov and Taft
(1954) reported that repeat spawners were relatively numerous (17.2 percent) in Waddell Creek.
Null ef al. (2013) found between 36 percent and 48 percent of kelts released from CNFH in 2005
and 2006 survived to spawn the following spring, which is in sharp contrast to what Hallock
(1989) reported for CNFH in the 1971 season, where only 1.1 percent of adults were fish that
had been tagged the previous year. Most populations have never been studied to determine the
percentage of repeat spawners. Hatchery steelhead are typically less likely than wild fish to
survive to spawn a second time (Leider ef al. 1986).

10. Kelts

Post-spawning steelhead (kelts) may migrate downstream to the ocean immediately after
spawning, or they may spend several weeks holding in pools before outmigrating (Shapovalov
and Taft 1954). Recent studies have shown that kelts may remain in freshwater for an entire year
after spawning (Teo ef al. 2011), but that most return to the ocean (Null et al. 2013).

11. Population Dynamics

Historic CCV steelhead run sizes are difficult to estimate given the paucity of data, but may have
approached one to two million adults annually (McEwan 2001). By the early 1960s the steelhead
run size had declined to about 40,000 adults (McEwan 2001). Hallock et al. (1961) estimated an
average of 20,540 adult steelhead through the 1960s in the Sacramento River upstream of the
Feather River. Steelhead counts at the RBDD declined from an average of 11,187 for the period
from 1967 to 1977, to an average of approximately 2,000 through the early 1990’s, with an
estimated total annual run size for the entire Sacramento-San Joaquin system, based on RBDD
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counts, to be no more than 10,000 adults (McEwan and Jackson 1996, McEwan 2001). Steelhead
escapement surveys at RBDD ended in 1993 due to changes in dam operations.

About 80 percent of the historical spawning and rearing habitat once used by anadromous O.
mykiss in the CV is now upstream of impassable dams (Lindley et al. 2006). The extent of
habitat loss for steelhead most likely was much higher than that for salmon because steelhead
were undoubtedly more extensively distributed. Due to their superior jumping ability, the timing
of their upstream migration which coincided with the winter rainy season, and their less
restrictive preferences for spawning gravels, steelhead could have utilized at least hundreds of
miles of smaller tributaries not accessible to the earlier-spawning salmon (Yoshiyama et al.
1996). Steelhead were found as far south as the Kings River (and possibly Kern river systems in
wet years) (McEwan 2001). Native American groups such as the Chunut people have had
accounts of steelhead in the Tulare Basin (Latta 1977).

Nobriga and Cadrett (2003) compared CWT and untagged (wild) steelhead smolt catch ratios at
Chipps Island trawl from 1998 through 2001 to estimate that about 100,000 to 300,000 steelhead
smolts are produced naturally each year in the CV. Good et al. (2005) made the following
conclusion based on the Chipps Island data:

“If we make the fairly generous assumptions (in the sense of generating large estimates
of spawners) that average fecundity is 5,000 eggs per female, 1 percent of eggs survive to
reach Chipps Island, and 181,000 smolts are produced (the 1998-2000 average), about
3,628 female steelhead spawn naturally in the entire CV. This can be compared with
McEwan's (2001) estimate of 1 million to 2 million spawners before 1850, and 40,000
spawners in the 1960s.”

Existing naturally produced steelhead stocks in the CV are mostly confined to the upper
Sacramento River and its tributaries, including Antelope, Deer, and Mill creeks and the Yuba
River. Populations may exist in Big Chico and Butte creeks and a few wild steelhead are
produced in the American and Feather rivers (McEwan and Jackson 1996). Clear Creek
steelhead spawner abundance has not been estimated.

Until recently, CCV steelhead were thought to be extirpated from the San Joaquin River system.
Monitoring has detected small numbers of steelhead in the Stanislaus, Mokelumne, and
Calaveras rivers, and other streams previously thought to be devoid of steelhead (McEwan
2001). On the Stanislaus River, steelhead smolts have been captured in rotary screw traps at
Caswell State Park and Oakdale each year since 1995. A counting weir has been in place in the
Stanislaus River since 2002 and in the Tuolumne River since 2009 to detect adult salmon, and
have also detected O. mykiss passage. In 2012, 15 adult O. mykiss were detected passing the
Tuolumne River weir and 82 adult O. mykiss were detected at the Stanislaus River weir (FishBio
2012a,b). In addition, rotary screw trap sampling has occurred since 1995 in the Tuolumne
River, but only one juvenile O. mykiss was caught during the 2012 season (FishBio 2012b).
Rotary screw traps are well known to be very inefficient at catching steelhead smolts, so the
actual numbers of smolts could be much higher. Rotary screw trapping on the Merced River has
occurred since 1999. A fish counting weir was installed on this river in 2012. Since installation,
one adult O. mykiss has been reported passing the weir. Juvenile O. mykiss were not reported
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captured in the rotary screw traps on the Merced River until 2012, when a total of 381 were
caught (FishBio 2013). The unusually high number of O. mykiss captured may be attributed to a
flashy storm event that rapidly increased flows over a 24 hour period. Zimmerman et al. (2009)
has documented CCV steelhead in the Stanislaus, Tuolumne, and Merced rivers based on otolith
microchemistry.

CDFW conducts annual Kodiak trawl sampling on the San Joaquin River near Mossdale. Based
on these catches, as well as rotary screw trap efforts in all three tributaries, Marston (2004) stated
that it is “clear from this data that O. mykiss do occur in all the tributaries as migrants and that
the vast majority of them occur on the Stanislaus River.” Mossdale Kodiak trawl catches
continue to occur and are still being conducted by CDFW. The low adult returns to these
tributaries and the low numbers of juvenile emigrants captured suggest that existing populations
of CCV steelhead on the Tuolumne, Merced, and lower San Joaquin rivers are severely
depressed. The loss of these populations would severely impact CCV steelhead spatial structure
and further challenge the viability of the CCV steelhead DPS.

In the Mokelumne River, East Bay Municipal Utilities District has included steelhead in their
redd surveys on the Lower Mokelumne River since the 1999-2000 spawning season (NMFS
2011a). Based on data from these surveys, the overall trend suggests that redd numbers have
slightly increased over the years (2000-2010). However, according to Satterthwaite et al. (2010),
it is likely that most of the O. mykiss spawning in the Mokelumne River are non-anadromous (or
resident) fish rather than steelhead. The Mokelumne River steelhead population is supplemented
by Mokelumne River Hatchery production. In the past, this hatchery received fish imported
from the Feather River and Nimbus hatcheries (Merz 2002). However, this practice was
discontinued 11 years ago for Nimbus stock, and 3 years ago for Feather River stock. Recent
results show that the Mokelumne River Hatchery steelhead are closely related to Feather River
fish, suggesting that there has been little carry-over of genes from the Nimbus stock.

Although there have been recent restoration efforts in the San Joaquin River tributaries, CCV
steelhead populations in the San Joaquin Basin continue to show a decline, an overall low
abundance, and fluctuating return rates. Lindley et al. (2007) developed viability criteria for CV
salmonids. Using data through 2005, Lindley et al. (2007) found that data were insufficient to
determine the status of any of the naturally-spawning populations of CCV steelhead, except for
those spawning in rivers adjacent to hatcheries, which were likely to be at high risk of extinction
due to extensive spawning of hatchery-origin fish in natural areas.

The most recent status review of the CCV steelhead DPS (NMFS 2011a) found that the status of
the population appears to have worsened since the 2005 status review (Good et al. 2005), when it
was considered to be in danger of extinction. Analysis of data from the Chipps Island monitoring
program indicates that natural steelhead production has continued to decline and that hatchery
origin fish represent an increasing fraction of the juvenile production in the CV. Since 1998, all
hatchery produced steelhead in the CV have been adipose fin clipped (ad-clipped). Since that
time, the trawl data indicates that the proportion of ad-clip steelhead juveniles captured in the
Chipps Island monitoring trawls has increased relative to wild juveniles, indicating a decline in
natural production of juvenile steelhead. In recent years, the proportion of hatchery produced
juvenile steelhead in the catch has exceeded 90 percent and in 2010 was 95 percent of the catch.
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Because hatchery releases have been fairly consistent through the years, this data suggests that
the natural production of steelhead has been declining in the CV.

Salvage of juvenile steelhead at the CVP and SWP fish collection facilities has also shown a shift
towards reduced natural production. In the past decade, there has been a decline in the

percentage of salvaged juvenile steelhead that are naturally produced from 55 percent in 1998
down to 22 percent in 2010 (NMFS 2011a).

In contrast to the data from Chipps Island and the CVP and SWP fish collection facilities, some
populations of wild CCV steelhead appear to be improving (Clear Creek) while others (Battle
Creek) appear to be better able to tolerate the recent poor ocean conditions and dry hydrology in
the CV compared to hatchery produced fish (NMFS 2011a). Since 2003, fish returning to the
CNFH have been identified as wild (adipose fin intact) or hatchery produced (Ad-clipped).
Returns of wild fish to the hatchery have remained fairly steady at 200-300 fish per year, but
represent a small fraction of the overall hatchery returns. Numbers of hatchery origin fish
returning to the hatchery have fluctuated much more widely; ranging from 624 to 2,968 fish per
year. The returns of wild fish remained steady, even during the recent poor ocean conditions and
the 3-year drought in the CV, while hatchery produced fish showed a decline in the numbers
returning to the hatchery (NMFS 2011a). Furthermore, the continuing widespread distribution of
wild steelhead in the CV provides the spatial distribution necessary for the DPS to survive and
avoid localized catastrophes. However, these populations are frequently very small, and lack the
resiliency to persist for protracted periods if subjected to additional stressors, particularly
widespread stressors such as climate change (NMFS 2011a).
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Table 8. The temporal occurrence of (a) adult and (b) juvenile CCV steelhead at locations in the
CV. Darker shades indicate months of greatest relative abundance.

(a) Adult migration and holding

Fe |Ma | Ap |Ma
Location Jan | b r r y Jun | Jul
3Sac. River
23Sac R at Red
Bluff

*Mill, Deer Creeks |
%Sac R. at Fremont
Weir

%Sac R. at Fremont
Weir

’San Joaquin River --

(b) Juvenile
migration

Location
2Sacramento River
28Sac. R at KL
?Sac. River @ KL
10Chipps Island
(wild)

$Mossdale
""Woodbridge Dam
12Stan R. at Caswell
13Sac R. at Hood

Relative =

Abundance: High | Low
Sources: 'Hallock 1961; “McEwan 2001;*USFWS unpublished data; *CDFG 1995; *Hallock et
al. 1957; ®Bailey 1954; "CDFG Steelhead Report Card Data 2007;CDFG unpublished data;

Snider and Titus 2000; '°Nobriga and Cadrett 2003; 'Jones and Stokes Associates, Inc., 2002;
12§ P. Cramer and Associates Inc. 2000 and 2001; '*Schaffter 1980, 1997.

Description of VSP Parameters
1. Abundance

All indications are that natural CCV steelhead have continued to decrease in abundance and in
the proportion of natural fish over the past 25 years (Good ef al. 2005; NMFS 2011a); the long-
term trend remains negative. Comprehensive steelhead population monitoring has not taken
place in the CV, despite 100 percent marking of hatchery steelhead since 1998. Efforts are
underway to improve this deficiency, and a long term adult escapement monitoring plan is being
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considered (Eilers et al. 2010). Hatchery production and returns are dominant over natural fish
and include significant numbers of non-DPS-origin Eel/Mad River steelhead stock. Continued
decline in the ratio between naturally produced juvenile steelhead to hatchery juvenile steelhead
in fish monitoring efforts indicates that the wild population abundance is declining. Hatchery
releases (100 percent adipose fin clipped fish since 1998) have remained relatively constant over
the past decade, yet the proportion of adipose fin-clipped hatchery smolts to unclipped naturally
produced smolts has steadily increased over the past several years.

2. Productivity

An estimated 100,000 to 300,000 naturally produced juvenile steelhead are estimated to leave the
CV annually, based on rough calculations from sporadic catches in trawl gear (Good et al. 2005).
The Mossdale trawls on the San Joaquin River conducted annually by CDFW and USFWS
capture steelhead smolts, although usually in very small numbers. These steelhead recoveries
which represent migrants from the Stanislaus, Tuolumne, and Merced rivers suggest that existing
populations of CCV steelhead on these tributaries are severely depressed. In addition, the Chipps
Island midwater trawl dataset from the USFWS provides information on the trend (Williams e?
al. 2011).

3. Spatial Structure

Steelhead appear to be well-distributed throughout the CV (Good et al. 2005; NMFS 2011a). In
the San Joaquin River Basin, steelhead have been confirmed in all of the tributaries:
Mokelumne, Calaveras, Stanislaus, Tuolumne, and Merced rivers. Zimmerman et al. (2009) used
otolith microchemistry to show that O. mykiss of anadromous parentage occur in all three major
San Joaquin River tributaries, but at low levels, and that these tributaries have a higher
percentage of resident O. mykiss compared to the Sacramento River and its tributaries. The
efforts to provide passage of salmonids over impassable dams may increase the spatial diversity
of CCV steelhead populations if the passage programs are implemented for steelhead. In
addition, the San Joaquin River Restoration Program (SJRRP) calls for a combination of channel
and structural modifications along the San Joaquin River downstream of Friant Dam, releases of
water from Friant Dam to the confluence of the Merced River, and the reintroduction of spring-
run and fall-run Chinook salmon. If the SJRRP is successful, habitat improved for spring-run
Chinook salmon could also benefit CCV steelhead (NMFS 2011a).

4. Diversity

CCV steelhead abundance and growth rate continue to decline, largely the result of a significant
reduction in the diversity of habitats available to CCV steelhead (Lindley ef al. 2006). Recent
reductions in population size are also supported by genetic analysis (Nielsen et al. 2003). Garza
and Pearse (2008) analyzed the genetic relationships among CCV steelhead populations and
found that unlike the situation in coastal California watersheds, fish downstream of barriers in
the CV were more closely related to downstream of barrier fish from other watersheds than to O.
mykiss upstream of barriers in the same watershed. This pattern suggests the ancestral genetic
structure is still relatively intact upstream of barriers, but may have been altered below barriers
by stock transfers. The genetic diversity of CCV steelhead is also compromised by hatchery
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origin fish, which likely comprise the majority of the spawning run, placing the natural
population at a high risk of extinction (Lindley et al. 2007). There are four hatcheries (CNFH,
FRFH, Nimbus Fish Hatchery, and Mokelumne River Fish Hatchery) in the CV which combined
release approximately 600,000 yearling steelhead smolts each year. These programs are
intended to compensate for the loss of steelhead habitat caused by dam construction, but
hatchery origin fish now appear to constitute a major proportion of the total abundance in the
DPS. Two of these hatchery stocks (Nimbus and Mokelumne River hatcheries) originated from
outside the DPS (from the Eel and Mad rivers) and are not presently considered part of the DPS.

Summary of CCV Steelhead DPS Viability

All indications are that natural CCV steelhead have continued to decrease in abundance over the
past 25 years (Good et al. 2005; NMFS 2011a). The long-term trend remains negative. Hatchery
production and returns are dominant over natural fish. Continued decline in the ratio between
naturally produced juvenile steelhead to hatchery juvenile steelhead in fish monitoring efforts
indicates that the wild population abundance is declining. Hatchery releases (100 percent adipose
fin clipped fish since 1998) have remained relatively constant over the past decade, yet the
proportion of adipose fin-clipped hatchery smolts to unclipped naturally produced smolts has
steadily increased over the past several years.

Although there have been recent restoration efforts in the San Joaquin River tributaries, CCV
steelhead populations in the San Joaquin Basin continue to show a decline, an overall low
abundance, and fluctuating return rates. Lindley et al. (2007) developed viability criteria for CV
salmonids. Using data through 2005, Lindley et al. (2007) found that data were insufficient to
determine the status of any of the naturally-spawning populations of CCV steelhead, except for
those spawning in rivers adjacent to hatcheries, which were likely to be at high risk of extinction
due to extensive spawning of hatchery-origin fish in natural areas.

The widespread distribution of wild steelhead in the CV provides the spatial distribution
necessary for the DPS to survive and avoid localized catastrophes. However, these populations
are frequently very small, and lack the resiliency to persist for protracted periods if subjected to
additional stressors, particularly widespread stressors such as climate change (NMFS 2011a).
The most recent status review of the CCV steelhead DPS (NMFS 2011a) found that the status of
the population appears to have worsened since the 2005 status review (Good et al. 2005), when it
was considered to be in danger of extinction.

Critical Habitat and Primary Constituent Elements for CCV Steelhead

Critical habitat was designated for CCV steelhead on September 2, 2005 (70 FR 52488). Critical
habitat for CCV steelhead includes stream reaches such as those of the Sacramento, Feather, and
Yuba Rivers, and Deer, Mill, Battle, and Antelope creeks in the Sacramento River basin; the San
Joaquin River, including its tributaries, and the waterways of the Delta. Critical habitat includes
the stream channels in the designated stream reaches and the lateral extent as defined by the
ordinary high-water line. In areas where the ordinary high-water line has not been defined, the
lateral extent will be defined by the bankfull elevation (defined as the level at which water begins
to leave the channel and move into the floodplain; it is reached at a discharge that generally has a
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recurrence interval of 1 to 2 years on the annual flood series) (Bain and Stevenson 1999; 70 FR
52488). Critical habitat for CCV steelhead is defined as specific areas that contain the PCE and
physical habitat elements essential to the conservation of the species. Following are the inland
habitat types used as PCEs for CCV steelhead. PCEs for CCV steelhead include:

1. Freshwater Spawning Habitat

Freshwater spawning sites are those with water quantity and quality conditions and substrate
supporting spawning, incubation, and larval development. Most of the available spawning habitat
for steelhead in the CV is located in areas directly downstream of dams due to inaccessibility to
historical spawning areas upstream and the fact that dams are typically built at high gradient
locations. These reaches are often impacted by the upstream impoundments, particularly over the
summer months, when high temperatures can have adverse effects upon salmonids spawning and
rearing downstream of the dams. Even in degraded reaches, spawning habitat has a high
conservation value as its function directly affects the spawning success and reproductive
potential of listed salmonids.

2. Freshwater Rearing Habitat

Freshwater rearing sites are those with water quantity and floodplain connectivity to form and
maintain physical habitat conditions and support juvenile growth and survival; water quality and
forage supporting juvenile development; and natural cover such as shade, submerged and
overhanging LWM, log jams, aquatic vegetation, large rocks and boulders, side channels, and
undercut banks. Both spawning areas and migratory corridors comprise rearing habitat for
juveniles, which feed and grow before and during their outmigration. Non-natal, intermittent
tributaries also may be used for juvenile rearing. Rearing habitat condition is strongly affected by
habitat complexity, food supply, and the presence of predators of juvenile salmonids. Some
complex, productive habitats with floodplains remain in the system (e.g., the lower Cosumnes
River, Sacramento River reaches with setback levees [i.e., primarily located upstream of the City
of Colusa]) and flood bypasses (i.e., Yolo and Sutter bypasses). However, the channelized,
leveed, and riprapped river reaches and sloughs that are common in the Sacramento-San Joaquin
system typically have low habitat complexity, low abundance of food organisms, and offer little
protection from either fish or avian predators. Freshwater rearing habitat also has a high
conservation value even if the current conditions are significantly degraded from their natural
state. Juvenile life stages of salmonids are dependent on the function of this habitat for successful
survival and recruitment.

3. Freshwater Migration Corridors

Ideal freshwater migration corridors are free of migratory obstructions, with water quantity and
quality conditions that enhance migratory movements. They contain natural cover such as
riparian canopy structure, submerged and overhanging large woody objects, aquatic vegetation,
large rocks, and boulders, side channels, and undercut banks which augment juvenile and adult
mobility, survival, and food supply. Migratory corridors are downstream of the spawning areas
and include the lower mainstems of the Sacramento and San Joaquin rivers and the Delta. These
corridors allow the upstream and downstream passage of adults, and the emigration of smolts.
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Migratory habitat condition is strongly affected by the presence of barriers, which can include
dams (i.e., hydropower, flood control, and irrigation flashboard dams), unscreened or poorly
screened diversions, degraded water quality, or behavioral impediments to migration. For
successful survival and recruitment of salmonids, freshwater migration corridors must function
sufficiently to provide adequate passage. For this reason, freshwater migration corridors are
considered to have a high conservation value even if the migration corridors are significantly
degraded compared to their natural state.

4. Estuarine Areas

Estuarine areas free of migratory obstructions with water quality, water quantity, and salinity
conditions supporting juvenile and adult physiological transitions between fresh and salt water
are included as a PCE. Natural cover such as submerged and overhanging LWM, aquatic
vegetation, and side channels, are suitable for juvenile and adult foraging. Estuarine areas are
considered to have a high conservation value as they provide factors which function to provide
predator avoidance and as a transitional zone to the ocean environment.

2.2.4 Southern DPS of North American Green Sturgeon

The following section entails the status of the species for the Southern distinct population
segment of North American green sturgeon (sDPS green sturgeon). This section establishes the
life history and viability for sSDPS green sturgeon, and discusses their critical habitat. The critical
habitat analysis is approached by examining the PCEs of that critical habitat, and this analysis
considers separately freshwater and estuarine environments. Throughout this analysis of life
history, viability, and critical habitat, the focus is upon the CV of California. Therefore, not all
aspects of sDPS green sturgeon are presented; for example, the PCEs for the critical habitat in
the marine environment are not included.

1. Listed as threatened on June 6, 2006 (71 FR 17757)
2. Critical habitat designated October 9, 2009 (74 FR 52300)

Life History

Our understanding of the biology of the sDPS of green sturgeon is evolving. In areas where
information is lacking, inferences are sometimes made from what is known about the Northern
distinct population segment (nDPS) green sturgeon and, to a lesser extent, from other sturgeon
species, especially the sympatric white sturgeon (Acipenser transmontanus). Green sturgeon are
long lived, iteroperous, anadromous fish. They may live up to 60-70 years; green sturgeon
captured in Oregon have been age-estimated using a fin-spine analysis up to 52 years (Farr and
Kern 2005). The green sturgeon sDPS includes those that spawn south of the Eel River. Until
recently, it was believed that the green sturgeon sDPS was composed of a single spawning
population on the Sacramento River. However, recent research conducted by DWR has revealed
spawning activity in the Feather River (Seesholtz, A. M., M. J. Manuel, and J. P. Van
Eenennaam). 2015. First documented spawning and associated habitat conditions for green
sturgeon in the Feather River, California. Environmental Biology of Fishes 98:905-912.
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Additionally, there is some evidence of spawning in the Yuba River downstream of Daguerre
Point Dam (Cramer Fish Sciences 2013).

Laboratory studies have provided some important information about about larval sturgeon diet
and habitat use. Green sturgeon larvae hatch from fertilized eggs after approximately 169 hours
at a water temperature of 15° C (59°F) (Van Eenennaam et al. 2001, Deng et al. 2002). Studies
conducted at the University of California, Davis by Van Eenennaam et al. (2005) using nDPS
juveniles indicated that an optimum range of water temperature for egg development ranged
between 14° C (57.2°F) and 17° C (62.6°F). Temperatures over 23 °C (73.4°F) resulted in 100
percent mortality of fertilized eggs before hatching. Eggs incubated at water temperatures
between 17.5° C (63.5°F) and 22° C (71.6°F) resulted in elevated mortalities and an increased
occurrence of morphological abnormalities in those eggs that did hatch. At incubation
temperatures below 14° C (57.2°F), hatching mortality also increased significantly, and
morphological abnormalities increased slightly, but not statistically so (Van Eenennaam et al.
2005).

Young green sturgeon appear to rear for the first one to two months in the Sacramento River
between Keswick Dam and Hamilton City (CDFG 2002). Juvenile green sturgeon first appear in
USFWS sampling efforts at RBDD in June and July at lengths ranging from 24 to 31 mm fork
length, indicating they are approximately two weeks old (CDFG 2002, USFWS 2002). Growth is
rapid as juveniles reach up to 300 mm the first year and over 600 mm in the first 2 to 3 years
(Nakamoto et al. 1995). Juvenile green sturgeon have been salvaged at the Federal and State
pumping facilities (which are located in the southern region of the Delta), and sampled in
trawling studies by the CDFW during all months of the year (CDFG 2002). The majority of these
fish that were captured in the Delta were between 200 and 500 mm indicating they were from 2
to 3 years of age, based on Klamath River age distribution work by Nakamoto et al. (1995). The
lack of a significant proportion of juveniles smaller than approximately 200 mm in Delta
captures indicates juvenile sDPS green sturgeon likely hold in the mainstem Sacramento River
for up to 10 months, as suggested by Kynard et al. (2005). Both nDPS and sDPS green sturgeon
juveniles tested under laboratory conditions, with either full or reduced rations, had optimal
bioenergetic performance (i.e., growth, food conversion, swimming ability) between 15°C (59°
F) and 19° C (66.2°F), thus providing a temperature related habitat target for conservation of this
rare species (Mayfield and Cech 2004). This temperature range overlaps the egg incubation
temperature range for peak hatching success previously discussed.

Green sturgeon are opportunistic feeders that consume a variety of prey items. The diet of larval
green sturgeon is unknown, but may be similar to that of larval white sturgeon which includes
macrobenthic invertebrates, including various insect larvae, oligochaetes, and decapods (NMFS
2009). In the San Francisco Bay Delta Estuary, juvenile green sturgeon feed on shrimp,
amphipods, isopods, clams, annelid worms, and an assortment of crabs and fish (Ganssle 1966;
Radtke 1966). Post-spawn adult green sturgeon in freshwater most likely feed on benthic prey
species (e.g., lamprey ammocoetes, crayfish). In coastal bays and estuaries, adult and subadult
green sturgeon feed on shrimp, clams, and benthic fish (Moyle et al. 1995; Moser and Lindley
2007; Dumbauld ef al. 2008). In the nearshore marine environment, prey resources likely include
species similar to those of coastal bays and estuaries.
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There is a fair amount of variability (1.5 — 4 years) in the estimates of the time spent by juvenile
green sturgeon in freshwater before making their first migration to sea. Nakamoto et al. (1995)
found that nDPS green sturgeon on the Klamath River migrated to sea, on average by age three
and no later than by age four. Moyle (2002) suggests juveniles migrate out to sea before the end
of their second year, and perhaps as yearlings. Laboratory experiments indicate that both nDPS
and sDPS green sturgeon juveniles may occupy fresh to brackish water at any age, but they are
physiologically able to completely transition to saltwater at around 1.5 years in age (Allen and
Cech 2007). In studying nDPS green sturgeon on the Klamath River, Allen et al. (2009) devised
a technique to estimate the timing of transition from fresh water to brackish water to seawater by
taking a bone sample from the leading edge of the pectoral fin and anlyzing the ratios of
stontium and barium to calcium. The results of this study indicate that green sturgeon move from
freshwater to brackish water (such as the estuary) at ages 0.5—1.5 years and then move into
seawater at ages 2.5-3.5 years. Table 9 shows the migration timing of various life stages
throughout the CV, Delta, San Francisco Bay, and into the Pacific Ocean.

In the summer months, multiple rivers and estuaries throughout the sDPS range are visited by
dense aggregations of green sturgeon (Moser and Lindley 2007, Lindley ef al. 2011). Capture of
green sturgeon as well as tag detections in tagging studies have shown that green sturgeon are
present in San Pablo Bay and San Francisco Bay at all months of the year (Kelly et al. 2007,
Heublein et al. 2009, Lindley ef al. 2011). An increasing amount of information is becoming
available regarding green sturgeon habitat use in estuaries and coastal ocean, and why they
aggregate episodically (Lindley et al. 2008, Lindley et al. 2011). Genetic studies on green
sturgeon stocks indicate that almost all of the green sturgeon in the San Francisco Bay ecosystem
belong to the sDPS (Israel and Klimley 2008).

Green sturgeon do not mature until they are at least 15—17 years of age (Beamesderfer et al.
2007). Therefore, it would not be expected that a green sturgeon returning to freshwater would
be younger than this. However, once mature, green sturgeon appear to make spawning runs once
every few years. Erickson and Hightower (2007) found that nDPS green sturgeon returned to the
Rogue River 2—4 years after leaving; it is presumed that sSDPS green sturgeon display similar
behavior and return to the Sacramento River or Feather River system to spawn every 2—5 years.
Adult sDPS green sturgeon begin their upstream spawning migrations into freshwater as early as
late February with spawning occuring between March and July (CDFG 2002, Heublein 2006,
Heublein et al. 2009, Vogel 2008). Peak spawning is believed to occur between April and June
in deep, turbulent, mainstem channels over large cobble and rocky substrates featuring crevices
and interstices (Van Eenennaam ef al. 2001). Poytress ef al. (2012) conducted spawning site and
larval sampling in the upper Sacramento River from 2008—2012 and has identified a number of
confirmed spawning locations (Figure 6). Green sturgeon fecundity is approximately 50,000 to
80,000 eggs per adult female (Van Eenennaam et al. 2001). They have the largest egg size of any
sturgeon. The outside of the eggs are mildly adhesive, and are more dense than than those of
white sturgeon (Kynard et al. 2005, Van Eenennaam et al. 2009).

Post spawning, green sturgeon may exhibit a variety of behaviors. Ultimately they will return to
the ocean, but how long they take to do this and what they do along the way are open questions.
[Mlustrating the spectrum of behavioral choices, Benson et al. (2007) conducted a study in which
49 nDPS green sturgeon were tagged with radio and/or sonic telemetry tags and tracked
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manually or with receiver arrays from 2002 to 2004. Tagged individuals exhibited four
movement patterns: upstream spawning migration, spring outmigration to the ocean, or summer
holding, and outmigration after summer holding.

Table 9. The temporal occurrence of (a) adult, (b) larval (c) juvenile and (d) subadult coastal
migrant sDPS of green sturgeon. Locations emphasize the CV of California. Darker shades
indicate months of greatest relative abundance.

(a) Adult-sexually mature (>145 — 205 cm TL for females and > 120 — 185 cm TL old for
males)

Location Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Upper Sac.

River®P-c

SF Bay Estuary®™!

(b) Larval and juvenile (<10 months old)

Location Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

RBDD, Sac River®
GCID, Sac River®

(c) Older Juvenile (> 10 months old and <3
years old)

Location Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov
South Delta*f
Sac-SJ Delta’
Sac-SJ Delta®

Suisun Bay®
(d) Sub-Adult/non-sexually mature (approx. 75 cm to 145 cm for females and 75 to 120 cm
for males)

Location Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Pacific Coast™®

Relative

Abundance: = High = Medium = Low

* Fish Facility salvage operations
Sources: *USFWS (2002); "Moyle et al. (1992); ‘Adams et al. (2002) and NMFS (2005);
dKelly et al. (2007); “CDFG (2002); ‘TEP Relational Database, fall midwater trawl green
sturgeon captures from 1969 to 2003; eNakamoto et al. (1995); "Heublein (2006); \CDFG
Draft Sturgeon Report Card (2007)
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Threats and Stressors

Green sturgeon are long lived, and thus face environmental and anthropocentric stressors that
may affect the probability that they reach reproductive maturity. Males are observed to reproduce
as early as 14 years old, while females grow older prior to maturing as early as 16 years old (Van
Eenennaam et al. 2005). Both males and females occupy all types of aquatic environments-
freshwater, estuarine, and marine. Numerous environmental factors potentially limit green
sturgeon survival during the earliest stages of their life cycle while in freshwater. This period is
called the “critical age” in fishes due to its relevance in survival and recruitment of individuals
into the adult population (Hardy and Litvak 2004). Recruitment failure of the earliest life history
stages may be a significant bottleneck for other North American acipenserids such as Pallid
sturgeon and the white sturgeon in Upper Columbia and Kootenai rivers, the populations of
which have numerous reproductive adults, but few recently surviving wild juveniles (Duke et al.
1999, Hildebrand et al. 1999, Korman and Walters 2001) .

There are many potential limiting factors during this early life period. They are the following: 1)
warm water temperatures, 2) insufficient flows, 3) decreased dissolved oxygen, 4) lack of rearing
habitat, and 5) increased predation. Water is released from Shasta Dam to maintain daily
temperatures below 18° C downstream to a temperature compliance point, which in 2007 was
maintained at Jellys Ferry and Balls Ferry to facilitate the incubation of eggs of spawning winter-
run Chinook. This maintenance of cool water temperatures benefits green sturgeon spawning
upstream of Red Bluff Diversion Dam. Temperature records from acoustic telemetry receivers
along the mainstem have not been analyzed, but may provide data for assessing whether
temperatures are limiting survival of embryos, larvae or juveniles downstream of RBDD. Once
larvae grow into juveniles, their survival may be limited by lack of habitat, insufficient food, and
possibly contaminants. Juveniles are fairly tolerant of variable temperature and dissolved
oxygen, and are likely mobile enough to select favorable habitats (see Ecology sections). It is
possible that juveniles can also be entrained in water diversions for farmland irrigation, although
their benthic behavior likely limits this impact, and this is not well understood.

The members of the older age classes principally face anthropocentric threats to their survival in
estuarine and marine environments. Once within the estuary, juveniles might accumulate
pollutants such as methyl-mercury and pyrethroids, whose uptake is enhanced by the benthic
feeding orientation of green sturgeon. Pyrethroids also may limit the availability of prey for
young green sturgeon due to their effect of very low dosages on zooplankton and bottom-
dwelling organisms. The size of the populations of subadults and adults have been potentially
limited by human fisheries and barriers to spawning areas which may prevent them from racing
the most optimal spawning habitats. Harvest can cause abrupt declines in green sturgeon adult
abundance. Even an amount as small as 10% additional mortality over the green sturgeon’s life-
span can reduce population abundance by 50% and adult abundance by 90% (Beamesderfer et al.
2007). An additional simulated increase in mortality of 20% over natural mortality resulted in no
green sturgeon surviving to adulthood. These forms of mortality could include human and
nonhuman sources of direct mortality, and are not well quantified for the Southern DPS. Of
greater concern, might be even much smaller additional mortality rates’ influence on green
sturgeon’s reproductive potential. Additional rates of only 2-3% annual mortality over green
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sturgeon’s life cycle reduced egg production to levels making sturgeon stocks extremely
susceptible to overfishing (Beamesderfer et al. 2007).

Modification of the riverscape has resulted in loss of spawning habitat, rearing habitat, and
increased barriers to migration. Larvae, juveniles, and adults life history stages are all benthic in
orientation and all require deep habitats for dispersal, holding, and spawning. Successful
fertilization and survival of embryos seems to require spawning habitats reflecting specific water
quality and quantity parameters, which have been negatively impacted by construction of dams
and channelization of the river. Riparian habitats provide allochthonous contributions to the river
food web that indirectly support juvenile prey items. It is possible that modifications in
temperature regime controlled by the Shasta Dam temperature control device may benefit green
sturgeon spawning above Red Bluff Diversion Dam, but more research is necessary to
understand the impacts of temperature on the distribution and success of green sturgeon
spawning.

Channelization of the estuary has likely negative impacted the amount of subtidal and intertidal
habitat available for green sturgeon foraging. These habitats have been lost along San Pablo and
Suisun bays, where subadult and adult green sturgeon are commonly found. These estuarine
habitats are likely important for growth during the juvenile, coastal migrant, and adults life
stages. Invasive plant species in the estuary have likely impacted the quantity of shallow habitat
available to coastal migrant and adult green sturgeon, and alterations of the food web due to
invasive species have also likely shifted green sturgeon estuarine diet.

Future Research

One conclusion of the NMFS BRT assessing the status of green sturgeon was that “it is essential
that immediate efforts be undertaken to implement population monitoring for the DPS using
methods that directly assess population status” (NMFS 2005). Although laboratory studies have
yielded much information on the physiological needs of the species, field studies have yet to be
completed applying this information to identifying adult spawning, larval survival, juvenile
rearing, and juvenile smoltification. Information is necessary about the life history diversity,
abundance, population growth rate, foraging behavior and temporal presence of Sacramento
River green sturgeon.

Managers should develop research and monitoring to estimate the riverine larval and juvenile
populations for a period of time reflecting the potential variation in physical and biological
processes influencing recruitment. These results will give managers an idea for the effect of
management on critical habitats, influence of adult demography on recruitment dynamics, and
the actual production of green sturgeon in younger cohorts. Estimates derived from these types
of studies may be a good indication for spawning and abundance, which are not negatively
influenced by the impact of entrainment, operations, and harvest. If estimates of young riverine
fish are known, then adaptive research evaluating the impacts of anthropocentric stressors on
older life history stages will allow managers to assess the actual effects of these anthropocentric
stressors. Currently, abundance derived from harvest or operational entrainment data does not
allow managers to determine if these impacts are causing declines in abundance or just reflect
the natural production of spawning adults.
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The distribution of spawning adults as well as a characterization of their spawning habitat within
the Sacramento River should be completed. This will provide insight into the density of
spawning adults and influence spawning aggregation have to the juvenile population, the rates of
egg and larval mortality, and the potential loss of this spawning habitat by flow and temperature
modification in the system. In 2008, UCD, BOR, and FWS initiated tracking green sturgeon as
they move within the upper mainstem and collected eggs at spawning sites. Additional funding is
necessary to adequately monitor spawning movements and increased egg and larval collection
sites along the Sacramento riverscape to evaluate green sturgeon habitat relationships.

Little is known about green sturgeon food selection and foraging behavior making the
predictability of where preferred food is available low. As green sturgeon move into lower
riverine reaches, the estuary and marine environments, food resources are not well understood
(Israel and Klimley 2008). If native food sources have declined due to invasive species
occupying their habitat or pollutants reducing available food, finding sufficient food may be
problematic for juvenile green sturgeon. There is a need to investigate further the effects of
selenium and other contaminants on green sturgeon and to find ways to reduce sources. Recent
evidence indicates adult white sturgeon may be accumulating selenium in concentrations
detrimental to reproduction, presumably by consuming the introduced overbite clam (Linville
20006).

Support should be provided for priority research guided by the Interagency Ecological Program
Sturgeon Work Team. This conceptual model should indicate that much is already known about
the basic biology of green sturgeon from laboratory studies and can serve as the basis for
developing hypotheses for testing in field studies. The next research step should be to discern the
importance of this biology on population viability within the watershed. A systematically applied
research program attempting to study the critical periods and habitats of green sturgeon in
riverine and estuarine environments will provide managers with information on the actual
utilization, status, and abundance of different life history stages of green sturgeon in the
Sacramento River. Once these field observations are completed, our larger and more
comprehensive understanding for the basic ecology of the species will permit the development of
a population viability model, which could prioritize the above-mentioned risks to the population
and guide management decisions (Israel and Klimley 2008).

Description of Viability Parameters for sDPS Green Sturgeon

As an approach to determining the conservation status of salmonids, NMFS has developed a
framework for identifying attributes of a VSP. The intent of this framework is to provide parties
with the ability to assess the effects of management and conservation actions and ensure their
actions promote the listed species’ survival and recovery. This framework is known as the VSP
concept (McElhany ef al. 2000). The VSP concept measures population performance in term of
four key parameters: abundance, population growth rate, spatial structure, and diversity.
Although the VSP concept was developed for Pacific salmonids, the underlying parameters are
general principles of conservation biology and can therefore be applied more broadly; here we
adopt the VSP concept for sPDS green sturgeon.
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1. Abundance

Abundance is one of the most basic principles of conservation biology, and from this
measurement other parameters can be related. In applying the VSP concept, abundance is
examined at the population level, and therefore population size is perhaps a more appropriate
term. Population estimates of the green sturgeon sDPS are in development. A decrease in sDPS
green sturgeon abundance has been inferred from the amount of take observed at the south Delta
pumping facilities; the Skinner Delta Fish Protection Facility (SDFPF) and the Tracy Fish
Collection Facility (TFCF) (Figure 7). There are, however, uncertainties with the data in figure
7. Adams et al. (2007) describe that while the numbers of green sturgeon still were higher in the
pre 1986 period, it appears that the expansion procedure exaggerated that difference. These
entrainment estimates suffer from problems of species identification (green sturgeon were not
identified until 1981 at the federal facility), and the estimates are expanded catches from brief
sampling periods.
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Figure 7. Annual salvage of green sturgeon for the SDFPF and the TFCF from 1981 to 2012.
Data source: ftp://ftp.delta.dfg.ca.gov/salvage

Adult spawning population estimates in the upper Sacramento River (above RBDD), using
sibling based genetics, indicates 10-28 spawners contributed to juvenile production per year
between 2002-2006 (Israel and May 2010). This is a minimum estimate of the effective adult
spawning population because sampling was limited, may have preferentially selected for larvae
spawning immediately above RBDD, and did not include animals spawning downstream of the
RBDD. Fish monitoring efforts at RBDD and Glen Colusa Irrigation District (GCID) on the
upper Sacramento River have captured anywhere between 0 and 2,068 juvenile green sturgeon
per year, between 1986 and 2000 (Adams et al. 2002).

In determining the conservation status of sSDPS green sturgeon, a few notes with regards to
population size are crucial. Population(s) should be large enough to survive environmental
variations, catastrophes, and anthropogenic perturbations. Also, the population(s) should be
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sufficiently large to maintain long term genetic diversity (McElhany et al. 2000). Our
understanding of the status of sSDPS green sturgeon towards these concerns is developing.

Because of their long life span, green sturgeon abundance is particularly sensitive to increased
mortality. Even relatively small increases in annual mortality can substantially reduce adult
abundance due to cumulative effects accruing over a number of years. Because of their delayed
age of maturation, cumulative impacts may severely reduce the population’s reproduction
potential.

Beamesderfer ef al. (2007) used the life table model to evaluate the sensitivity of the population
to additional mortality rates when applied to different life stages. The analyses showed that low
rates of additional mortality (2% to 5%), when applied across multiple life stages, can result in
abrupt declines in green sturgeon population numbers and reproductive potential.

2. Productivity

For long-lived species such as sturgeon, abundance, age structure, and sex ratios are particularly
powerful indicators of long-term productivity patterns. Viable sturgeon populations are
characterized by a broad distribution of size classes and ages. In order for sDPS green sturgeon
to rebound from being threatened to a viable status, its population growth rate will need to be
positive until some equilibrium population size is reached, at which point the growth rate should
stabilize.

Productivity and recruitment information for sDPS green sturgeon is an area that requires
additional research; existing data is too limit